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[Part III] of a seven-part BMFT report: “Federal R&D 
Support Foci.” Addresses overall funding for Max 
Planck Society, German Research Society, and Fraun- 
hofer Society; discusses activities and funding in fields 
such as microsystems, biotech, materials, space, mag- 
netic levitation, military R&D; outlines subsidy struc- 
tures] 


[Text] 


Introduction 


This part of the report describes the foci of the federal 
government’s R&D support in the years 1989-1992, 
including a projection for 1993. 


As in the current research-and-facts reports, the organiza- 
tion of this part, too, adheres to the so-called federal 
systematic plan for R&D results. To facilitate the neces- 
sary exchange of information within the federal govern- 
ment it organizes both the research support of the Federal 
Ministry for Research and Technology [BMFT] and the 
research activities of other departments that implement 
the same in pursuit of their departmental responsibilities 
(departmental research) on the basis of a uniform, subject- 
oriented schema in the following areas of support: 


(A) Sponsoring organizations, restructuring of research in 
the accession area, expansion and overhaul of universities 


(B) Large equipment for basic research 


(C) Ocean research and maritime technology, polar 
research 


(D) Space research and space engineering 

(E) Energy research and energy technology 

(F) Environmental research, climate research 

(G) R&D in support of health 

(H) R&D for improving working conditions 

(I) Information technology, production engineering 

(K) Biotechnology 

(L) Materials research, physical and chemical technologies 
(M) Aviation research and hypersonic technology 


(N) Research and technology for surface transport and 
traffic, transportation safety 


(O) Geosciences and safeguarding of raw materials 


(P) Environmental planning and urban development, con- 
struction research 


(Q) R&D in the nutrition sector 


(R) R&D in agriculture, forestry and fishing 
(S) Training and occupational training research 
(T) Innovation and improved basic conditions 
(U) Specialized information 

(V) Liberal arts, economic and social sciences 


(W) Additioi. 
sectors 


activities not categorized under other 


(X) Defense res. -h and engineering. 


The descriptions of the individual “‘areas of support,” 
subdivided into support foci, deal with the objective of the 
support, the results realized thus far and their usefulness, 
as well as their existing inclusion in European or other 
international activities. Considered overall, such indi- 
vidual descriptions can reveal the successful realization of 
priority objectives of the federal government’s research 
policy. As detailed under 1.2 in part I, these are: 


—Development and expansion of research in the new 
laender 


—Maintaining the high level of basic research 


—Support for strategic technologies in the precompetitive 
sector (especially information technc:ogy, biotech- 
nology and materials research) 


—Intensification of small and medium enterprises’ [SME] 
capacity for innovation 


—Expansion of preventive research (especially ecological, 
health, climatic and polar research) 


—Intensification of international cooperation 


—Preservation of the technological basis for security 
policy precaution 


—Continuation of long-term government programs 
(fusion research, space travel). 


Currently established priorities as well, as the tasking foci 
of previous years, have been elucidated in passing in the 
profile descriptions in part II, graph II/6, tables II/7 and 
II/8. In them R&D responsibilities were ascribed to the 
areas of responsibility for government support for research 
as well as to individual areas of support and support foc. 


R&D activities of important large rescarch institutes co- 
financed by the federal government, the Max-Planck and 
Fraunhofer Societies, as well as the blue list and federal 
research facilities, were mentioned in the table of contents 
and the institutes themselves are described in detail in part 
VI. 


The textual description of the individual areas of support 
and support foci is supplemented by small graphs of the 
federal budgetary resources applied. Such data summarize 
project support and institutional support. They are based 
on an ailocation of all federal R&D budgetary resources to 
the support areas and foci in keeping with the systematic 
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plan for results and are derived from the BMFT’s supra- 
departmental database for scientific and research statistics 
(federal outlays) at the BMFT [DASTAT] database. The 
1992-1993 data represent 1992 federal budget plan appro- 
priations and the 1993 administration bill, respectively. In 
the case of the graphs, it should be noted that the quite 
diverse volumes of outlays for the individual support areas 
and foci each required appropriate scaling. 


1. Sponsoring Organizations, Restructuring of 
Research in the Annexed Area, Expansion and 
Overhaul of Universities (Support Sector A) 


This focal point encompasses support from three large 
research (support) organizations plus federal subsidies for 
the expansion and overhaul of universities. Via basic 
financing (proportionately between 50 and 90 percent), the 
federal government jointly with the laender supports self- 
governing scientific institutions—having diverse tasking— 
that hold supra-regional significance for R&D in Ger- 
many. The goal of the support is to guarantee the 
preconditions for highly competitive research; this entails 
creating attractive basic conditions in an international 
context for outstanding researchers and simultaneously to 
ensure the breadth of scientific research necessary for a 
cultured and industrialized nation. 


The institutions’ total budget results from computing 
institutional support from the laender plus other revenues. 
These may include in particular : subsidies from federal, 
laender and European Community [EC] public support 
programs for individual research projects or revenues for 
contract research. 


Basic Financing of the Max-Planck Society 


The Max-Planck Society for Support of the Sciences Lim- 
ited [e.V.] [MPG] is a self-governing organization that 
currently supports approximately 70 institutes in 
numerous locations (MPG, compare [cf.] in particular part 
VI, section [sect.] 2.1). It has been in existence since 1948 
and is the legal successor of the Kaiser-Wilhelm Institute, 
founded in 1911. Its objective is unhampered, basic 
research, especially in new directions of research holding 
promise for the future and that still have not found an 
appropriate place in the universities or cannot find one 
there because of its interdisciplinary nature or because of 
the required cost. Among others, there are foci in the 
physical, chemical, biological and medical sectors and in 
comparative law. The MPG takes the dynamic nature of 
the sciences into account through thematic renewal by 
means of appointments, foundations and closures. The 
basic requirement for taking on new research institutes is 
the availability of appropriate personalities. Since 1972 
MPG has established 43 units and institutes and shut 
down 37. In 1990 and 1991, MPG established individual 
Max-Planck Institutes for computer sciences in Saar- 
bruecken, for marine microbiology in Bremen and for 
terrestrial microbiology in Marburg. Young scientists are 
supported in programs that are extended from year to year. 


MPG has formulated a design for enhancing university 
research in the new laender: it has set up 28 active working 
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groups for five years at various universities that are later to 
be integrated into the latter. On the recommendation of 
the academic council, it is temporarily in charge of seven 
liberal arts research centers. It has already established two 
of its own institutes in the new laender: the Max-Planck 
Institute [MPI] for microstructural physics in Halle and 
the MPI for colloidal and interfacial research in Teltow, 
Adlershof and Freiberg, for the time being. Construction is 
to begin on five additional institutes in 1993, specifically, 
the MPIs for the biology of infections, for the molecular 
physiology of plants, for research into economic systems, 
for the physics of complex systems and for the history of 
science; others are planned. The MPG has also set up a 
satellite MPI for extra-terrestrial physics and a satellite 
MPI for plasma physics in Berlin. This institutes will 
expand and enrich the research spectrum for all of Ger- 
many. 


MPG’s 1992 budget (excluding the MPI for plasma physics 
supported as a large research institute) totals 1,314 million 
German marks [DM], including DMI15 million for 
project funding. The federal government and the laender 
are allocating DM1,157 million in a 50:50 ratio; the BMFT 
is furnishing the federal share. 


Basic Financing of the German Research 
Association 


The German Research Association (DFG) (cf. also part VI, 
sect. 1.1), placed in overall charge by the Federal Ministry 
for Education and Science (BMBW) on the federal level, as 
a self-governing scientific organization principally sup- 
ports university research in all disciplines of the liberal 
arts, mathematics, biosciences, including medicine and the 
natural and engineering sciences. One of its particular 
concerns is support for the next generation of scientists. 


In extending its support activity to the new laender, the 
DFG is essentially helping to improve university research 
in particular. The reason for this is that the primary 
sponsor of research in the new federal area is, in fact, at 
present the universities. Scientists of both sexes in the new 
laender are also availing themselves of the DFG’s support 
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opportunities; this is true, above all, of the very flexible 
standard process, but is also increasingly true, for instance, 
of the special research sectors. The DFG’s focal program, 
moreover, is especially suitable for supporting and inten- 
sifying cooperation among working groups from the orig- 
inal and the new laender. Under the university renewal 
program, the DFG is receiving additional funding for 
supporting post-doctoral qualification of scientists of both 
sexes through stipends and financial assistance in their 
subject areas. 


Its financial support applies not only to individual 
research projects or large -esearch programs but also to 
support for scientific libraries and for maintaining specific 
research assistance institutions such as, for example, the 
“Meteor” research vessel. But the DFG is not a permanent 
sponsor of such institutions. 


It disposed of nearly DM1,326 million ‘n 1992. A total of 
DM766 million of that amount represented the amount of 
federal institutional support. 


Basic Financing of the Fraunhofer Society 


The Fraunhofer Society for Support of Applied Research 
e.V. (FhG)—given overall charge by the BMFT on the 
federal level—is a sponsoring organization of 47 institutes 
for applied research (excluding branches) and two service 
facilities (cf. in particular part VI, sect. 2.2) in 14 laender. 
On | January 1992, nine institutes and 12 branches— 
originally running until 1994 and 1996 respectively— 
initiated their activity in the new laender. By imple- 
menting private and public sector contract research 
projects, the FhG’s research institutes help give practical 
expression to the results of basic research. Institutional 
support by the federal government and the laender enable 
the FhG to carry out self-selected research topics to ensure 
its scientific potential and the development of new tech- 
nologies and continuous monitoring of the same. It offers 
its expertise to the private sector and to the government in 
the following nine areas: 


1989 1990 - 1991 





Federal R&D Outlays for Basic Financing of the FhG 
(in millions of DM) 


Key: 1. Actual; 2. Projected; 3. Administration-Bill; 4. 
excluding the Space and Construction Information 


Center (IRB) and the Federal Defense Ministry (BMVg) 
for Defense Research 





—microelectronics 

—information technology 

—automation of output 

—production technologies 

—raw materials and components 

—process engineering 

—energy and construction engineering 
—environment and health 

—technical-economic studies, specialized information. 


Since the FhG has to constantly recruit a new generation of 
scientists and it has no significant resources for basic 
research, the FhG has to rely on close cooperation with the 
universities. Essential in this respect are joint appoint- 
ments to chairs or honorary professorships and Fraunhofer 
Institute leadership positions. 


In contract research the FhG functions in accordance with 
a model for performance-linked basic financing. In terms 
of the federal-laender agreement on joint FhG support 
(1977), this means that public financing is to be made to 
depend on the scope of the FiG’s total R&D results. 


The FhG’s 1992 economic plan projects a total outlay of 
nearly DM975 million, with DM880 million of that going 
to the sector jointly supported by the federal government 
and the laender. DM452 million of it is to be covered by its 
own revenues and the remainder by basic financing from 
the federal government (90 percent) and the laender (10 
percent), as well as special financings. 


Institutional Support in the Annexed Area—up to 
1991: Bridge Financing for the Former Academy 
of Sciences [AdW] 


The German Democratic Republic’s [GDR] former 
Academy of Sciences consisted of a learned society of 
nearly 400 regular, correspondent and foreign members 
plus nearly 60 non-university institutes and research cen- 
ters. In 1989 it employed nearly 24,000 employees, 
including 9,153 university and college graduates in the 
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R&D sector. Through early retirements and establish- 
ments the number of employees in the former institutes 
declined in such a way that by the cutoff date of 31 
December 1991, only 16,000 employees were actually 
employed. The AdW’s fields of research were primarily 
physics/materials research, chemistry, mathematics/ 
computer science, biosciences and medicine, geo- and 
space-sciences, as well as social sciences and liberal arts. 


Under Article 38 of the unification treaty the AdW’s 
research institutes continued to exist as laender institutes 
until 31 December 1991, insofar as they had not already 
been previously dissolved or converted. In 1991, DM900 
million was available as bridge financing for this purpose. 
This funding was administered via the coordination and 
close-down authorities for the former AdW’s institutes 
(KAI-AdW), which was an important instrument in the 
AdW’s restructuring—including allocation of transitional 
and moving assistance, as well as job creation measures 
(ABM) for AdW employees. A new organization is con- 
tinuing to function as a coordination and reconstruction 
initiative (KAI e.V.), with other tasking under commission 
from the new laender and Berlin. 


In 1991 the science council concluded a comprehensive 
expert evaluation of the AdW’s research institutes that was 
initiated in 1990. As stipulated in the unification treaty, it 
laid the groundwork for reorganizing non-university 
research in the accession area. In doing so, the goal was the 
preservation of effective scientific substance and 
extending the time-tested research structure in the original 
laender, including support of research institutes under 
article 91b of the Basic Law [GG] to all of Germany. 


In 1991, on the basis of the science council’s recommen- 
dations within the purview of the BMFT, the following 
were introduced: 


—three large research institutes and eight branches 
—24 blue list institutes plus four branches 


—nine institutes, 12 branches and one Fraunhofer Society 
part 


——two institutes, 28 MPG working groups, one MPI satel- 
lite and seven MPG-sponsored liberal arts centers. 


More than 6,900 positions in those new non-university 
research institutes were jointly financed by the federal 
government and the laender. In addition to those there are 
223 positions in long-term projects under the academic 
program, another nearly 1,200 positions in agricultural 
research institutes and approximately 2,300 positions in 
institutes (departmental research, plus another 10 blue list 
institutes) financed by other federal ministries (Federal 
Ministry for Food, Agriculture and Forestry [BML], Fed- 
eral Ministry for Regional Planning, Housing and City 
Planning [BMBau], Federal Ministry for Economics 
{[BMWi], Federal Ministry for Education and Science 
[BMBW], Federal Ministry for Health [BMG], Federal 
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Ministry for Environment, Nature Conservation and 
Reactor Safety [BMU], Federal Ministry for Labor and 
Social Affairs [BMA)]). A sizable portion of the employees 
of both sexes in BMFT-supported non-university research 
come from former AdW institutes: nearly 85 percent; 
another six percent come from other institutions of the 
former GDR. 


The science council had recommended incorporating in 
the universities of the new laender nearly 2,000 R&D 
employees from the former AdW, the former academy of 
agricultural sciences and former construction academy. Ia 
1992 the Scientist Integration Program (WIP) under the 
university renewal program (HEP), developed on the basis 
of those recommendations, supported a total of 1,920 
individuals, including 1,330 scientists of both sexes; as of 
April 1993, 1,837 individuals are being supported. For 
each of 1992 and 1993, the program disposes of DM200 
million. Additional funding totaling DM200 million is 
available to extend the WIP up to 1996. 


The BMFT has also supported nearly 3,000 ABM positions 
in the research-allied sector with DM15 million in supple- 
mentary funding. 


Expansion and Overhaul of the Universities under 
the University Construction Support Bill (HBFG) 


Expansion and overhaul of the universities, including 
university clinics, is a joint responsibility of the federal 
government and the laender (Article 91a of the GG). The 
federal government (BBW in overali charge) shares in 50 
percent of the university investments included in a joint 
framework plan for university construction (acquisition of 
property, construction costs, original facility including 
large equipment). The following table reflects the growth in 
federal outlays up to 1992: 
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Federal outlays for expansion and overhaul of universities 
including acquisition of large equipment and original 
institutes (only HBFG)—in millions of DM 




















Year Total amount inciuding R&D 
1989 1,034 310.2 
1990 1,125 337.5 
1991 1,653 495.9 
1992 1,600 480.0 
1993 1,680 480.0 











Included in the joint support are replacement and replen- 
ishment of major scientific equipment for teaching, 
research and therapy in the university clinics. Financed 
under support for large equipment are, for instance, acvel- 
erators, vector computers, nuclear magnetic tomographs, 
as well as electronic data processing facilities under the 
computer investment program (CIP) and worksite com- 
puters for scientists (WAP). In addition, an increasing 
amount of university construction funding is used for 
structural activities for research, for the overhaul or expan- 
sion of research institutes and originally equipping them 
with scientific equipment as well as for the establishment 
of new, growing fields of research—for example, biotech- 
nology, microelectronics or materials research. 


In 1991, under the HBFG, the new laender were also 
supported for the first time. Beginning in 1991, federal 
funds totaling DM200-300 million per year—and trending 
upwards—were allocated for university expansion plus 
acquisition of large equipment and a basic supply of books. 


In 1991 the federal share of the amounts allocated to 
replacement and replenishment of large equipment, 
including CIP and WAP, totaled nearly DM225 million. 


Only 30 percent of the total appropriation of federal 
funding for university expansion and overhaul was 
counted as R&D support funding—reflecting the average 
R&D share for the universities. 


Special University Program I 


On 10 March 1989, the head of the federal government 
and the 11 original laender signed an agreement for a 
preliminary special university program. The program 
ensures competitiveness and keeps universities open in 
especially burdened subject areas and stipulates that the 
federal government and the laender over the next seven 
years will make available to each of the universities 
DM150 millior. per year for additional activities to expand 
capacity in the respective curricula and to eliminate bot- 
tlenecks. In addition to the financing of extra personnel, 
measures are also provided for the improvement of the 
interior decoration and provision of materials as well as 
library resources. A smaller portion of the federal funding 
is earmarked for the recruiting of foreign guest professors 
in particularly overloaded courses and the expanded use of 
correspondence course units. The funding enabled the 
universities and colleges to enlarge their enrollment 


capacity by almost 12,000 slots for first-year students. The 
program has also financed more than 3,000 positions for 
additional personnel. 


Special University Program II 


On 2 October 1990, the head of the federal government 
and the (original) laender set up a program to ensure 
competitiveness in universities and research. The special 
goals of this second special university program are 


—support for the next generation of sc‘entists, 

—support for women in science, 

—enhancement of colleges, 

—intensification of European cooperation in the univer- 
sity system. 


As of | January 1991 and up to the year 2,000, the federal 
government and (original) laender will provide an addi- 
tional total of DM4 billion in amounts that will increase 
and decrease annually. The federal government is shoul- 
dering a total of 60 percent of those outlays and the 
laender, 40 percent. The total federal share of DM2.4 
billion is projected at a total of DM556.3 million in 
individual plan 30 (BMFT) and at a total of DM1,843.8 
million in individual plan 31 (BMBW). In fiscal year [FY] 
1991, DMI7.8 million were allocated to individual pian 30 
and DM87.8 million to individual plan 31. In FY 1992, 
DM49.1 million were allocated to individual plan 30 and 
DMI165.9 million to individual plan 31. For this fiscal 
year, DM61.6 million are slated for individual plan 30 and 
DM221.2 million for individual plan 31. 


Federal funding for individual plan 31 will be made 
directly available to the laender for managing, partly on 
the basis of an agreement between the federal government 
and the laender on relief for the laender in the field of 
support for research under the terms of Article [Art.] 91 b 
of the Basic Law and it will part’y be allocated via 
intermediary organizations. 


The following activities are specifically stipulated: 
—Support for post-doctoral qualification: 


The German research community is to receive DM700 
million to support scientists preparing for their post- 
doctoral qualification. 


—Support for post-doctoral candidates in jointly sup- 
ported non-university research institutes: DM300 mil- 
lion (BMFT). 


—Modified Heisenberg program: 


DM150 million are to be made available via the DFG to 
support eminently qualified scientists from the upcoming 
generation (stipends and course materials). 


—Support for doctoral candidates: 


¢ DM300 million are provided to set up approximately 
75 additional graduate lectures; 

¢ The support activities for the talented will receive an 
additional DM75 million (100 percent BMBW), 
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¢ The promotion of next-generation scientists to jointly 
supported non-university research institutes is to be 
supported with DM375 million (BMFT); 

e An additional DM50 million is to be provided to 
finance foreign stipends for doctoral candidates 
(BMFT). 


—Support jor women 


In the context of the total program special support activi- 
ties are planned to improve the status of women at 
universities. Nearly DM700 million is to be used for this 
purpose. Special support instruments provided include 
contact stipends, reentry stipends and work contracts. 


—Preferential appointments at universities 


More than one-quarter of the funding projected for the 
special program is to be used for preferential appointments 
of university professors to include provision for personnel 
and equipment. 


—Feodor Lynen program 


DM37.5 million is to be made available to the Alexander- 
von-Humboldt foundation [AvH] for Feodor Lynen 
research stipends for a long-term research stay at institutes 
by former Humboldt scholarship recipients or prize win- 
ners. 


—European unification 


Nearly DM600 miliion are provided to strengthen Euro- 
pean cooperation in universities. Such activities should 
also considerably benefit colleges. 


Some of the activities are being implemented directly by 
the laender on the basis of their agreemnt with the federal 
government, otherwise by intermediary organizations 
(including the DFG, support activities for the talented, 
AvH). 


There is an annual report on the implementation of the 
program in the federal-laender commission for training 
planning and research support. A review of the activities is 
slated for 1995. 


Program for University and Research Renewal in 
the New Laender 


The program for university and research renewal in the 
new laender (university renewal program, HEP) was 
agreed to on 1! July 1991 by the head of the federal 
government and the laender and after a revision in July 
1992 was provided wit! financial resources totaling 
DM2.4 billion for the support period | April 1991-31 
December 1996, with 75 percent appropriated by the 
federal government and 25 percent by the new laender. 


The goal of the HEP is emergency relief for personnel and 
capital renewal of the universities and the creation of 
highly competitive research. 


The foci of the aciivities are suppori for foundation 
professors and visiting scientists, support for the next 
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generation of scientists, qualification of students and sci- 
entists plus expansion of colleges. To ensure research 
potential, under the WIP, there is support for integration 
of employees of the former GDR academies into univer- 
sities, colleges, polytechs and into university-allied non- 
university research institutes. Investment resources are 
available for limited construction activities in the univer- 
sity sector and for investment in construction, renovation 
and equipment in non-university research to create accom- 
modations for visiting scientists. 


Under Art. 13 of the agreement, the effectiveness of the 
activities and the total volume of the program were 
reviewed. As a result, supplementary funds and new spe- 
cific activities were stipulated; the foci are increasing 
funding for college development by DM66.7 million to 
DM166.7 million, extension of the WIP until 1996 with 
additional funding totaling DM200 million, inclusion of a 
new program component for investment in construction, 
renovation and equipment in the non-university sector 
with a total of DM266.7 million for the years 1993-1996, 
plus increased investment funding in the university sector 
(including construction of guest housing for universities 
and non-university research institutes) with an additional 
DM133.3 million. 


Altogether the federal government and the laender are 
making an additional DM666.7 million available between 
1993 and 1996. 














Average appropria- 1992 1993 
tion (projected) 

Federal government 499.3 445.8 
New laender 98.0 96.8 
Total $97.3 $42.6 














1992 1993 
5, Reg.-Entw. 

Federal Outlays for Expansion and Overhaul of Univer- 
sities (in millions of DM) (including federal defense 
universities, federal public administration colleges, spe- 
cial university programs as well as renewal programs for 
universities and research in the new laender) 


Key: 1. Actual; 2. Projected; 3. Scientific outlays; 4. 
including R&D; 5. Administration-Bill 


1990 1991 
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1992 


1993 
5 , Reg.-Entw. 
Federal Outlays for Sponsoring Organizations, Restruc- 
turing of Research in the Accession Area; Expansion 
and Overhaul of Universities (in millions of DM) 
Key: 1. Actual; 2. Projected; 3. Scientific outlays; 4. 
including R&D; 5. Administration-bill 


1989 1990 1991 





2. Large Equipment for Basic Research (Support 
Sector B) 


Summary 


Basic research has a long tradition in Germany and enjoys 
high esteem as an important element of our culture. It is 
primarily directed toward deepening our knowledge, 
toward acquiring referential knowledge and toward 
dealing with the answer to questions that are considered 
basic. It is simultaneously the basis of new technologies. 
Broad areas of basic research are particularly important for 
Germany, since it has to fall back on top-flight scientific 
and technical-industrial accomplishments because of its 
limited supplies of raw materials and its high standard of 
living. Basic research endeavors therefore are an invest- 
ment in the future. 


In past years a succession of new major equipment items 
was developed and brought onto line for basic research. 
They afford special opportunities for fostering interdisci- 
plinary momentum through joint use of the possibilities 
for experimentation. They will enable German researchers 
to continue to remain scientifically competitive and to be 
able to carry out cutting-edge research. That calls for 
intensive use of an up-to-date stock of equipment. For this 
reason the various supporters of research in the federal 
government and the laender have to devote particular 
attention to it. This is all the more true since the number of 
potential users of such equipment has definitely soared as 
a result of researchers from the new laender. 


Research On and With Large Equipment 


In some fields development of the natural sciences is 
proceeding in a direction in which advances in knowledge 
can continue to be realized only through increasingly more 


costly technologies. This applies both to theoretical ques- 
tions and to experimental problems, for example [e.g.]: 


—in elementary particle physics involved with the sub- 
atomic structure of matter (particle accelerators) 


—in astronomy and astrophysics (telescopes, sadiotele- 
scopes, neutrino detectors) 


—in basic extraterrestrial research (satellites for 
astronomy, astrophysics and solar-terrestrial linkages) 


—in research into the structure and dynamics of con- 
densed matter (sources of neutrons and synchrotron 
radiation) 


—-in fusion research and plasma physics (facilities for 
magnetic fusion) 


—-in exploration of the earth’s continental crust (Ger- 
many’s continental deep-drilling program, KTB) 


—in ocean and polar research (deep-sea research vessel 
METEOR, polar research vessel POLARSTERN). 


Particularly expensive research facilities include accelera- 
tors for the production of high-energy particle beams and 
intensive light and research reactors as intensive neutron 
sources. The cost of building and operating such major 
equipment reaches an order of magnitude that can be 
administered organizationally and financially neither in 
the universities nor in regional research institutes but only 
in national or international large research institutes. These 
types of facilities should be available to all scientists for 
their research activities. From an economic and scientific 
optic top priority must be assigned to intensive use of an 
equipment inventory renovated or modernized at high 
cost. Access, especially apportionment of available time 
for conducting measurements, is realized exclusively in 
keeping with scientific viewpoints. The selection process is 
in science’s hands. 


Supplementing research activities directly related to major 
equipment in basic research in the natural sciences, sup- 
port was also initiated for selected strategic fields of 
mathematics having definite applicability to other sciences 
and technological sectors. 


In the context of ongoing support for basic research the 
federal government will make investment funding avail- 
able for building and operating major equipment for 
experimental science. With the major “quipment operated 
in national and international research institutes the federal 
government also affords university research a special 
opportunity to carry out sophisticated basic research. The 
federal government presently makes available to univer- 
sity groups sizable funding for that purpose, and that is 
also important for training the next generation of scien- 
tists. The federal government goes on the assumption— 
reflecting the laenders’ fundamental responsibility for uni- 
versity research—that in future the laender will make 
available through basic financing to the universities ade- 
quate funding for the use of such major equipment. The 
federal government will concentrate its support activities 
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intensively on investments transcending the universities 
and the laender, opening up new research possibilities for 
experiments on large equipment. The resulting groups of 
university researchers will in the future be supported for a 
limited time in the form of incentive financing. 


Researchers fr. 1 the new laender and the eastern districts 
of Berlin who were able, prior to reunification, to work for 
the most part only on large equipment in the former East 
Bloc countries, also now have at their disposal the facilities 
of the western world. It is anticipated that they will soon be 
using these to the same extent as scientists from the 
origina' laender. 


In the areas of elementary particle physics, nuclear and 
medium-energy physics, nuclear solid state research, 
research with neutron and synchrotron radiation and 
astrophysics, the BMFT has provided institutional support 
for a long time to the German Electron Synchrotron 
(DESY) i: Hamburg, the Heavy Ion Research Society 
(GSI) in Darmstadt, the Hahn-Meitner Institute (HMI) in 
Berlin, the Kiepenheuer Institute for Solar Physics (KIS) in 
Freiburg and the Institute for Spectrochemistry and 
Applied Spectroscopy (ISAS) in Dortmund. The Juelich 
Research Center (KFA) and the Karlsruhe Nuclear 
Research Center (KfK) are also occasionally active in those 
fields (cf. large research institutes and blue list institutes, 
part VI, chapters [chap.] three and four). Jointly with other 
member states the BMFT finances the following interna- 
tional institutions: European Organization for Astronom- 
ical Research in the Southern Hemisphere (ESO), Munich, 
and the Max-von-Laue-Paul Langevin Institute (9IL‘), 
Grenoble, the European Synchrotron Radiation Facility 
(ESRF), Grenoble, and the European Center for Nuclear 
Research (CERN), Geneva (cf. on international research 
institutes specifically part V, sect. 1.2). 


Following the realization of Germany unity, the United 
Institute for Nuclear Research (VIK), Dubna, sponsored 
by the former COMECON countries, the majority of the 
USSR’s successor states and North Korea, is receiving 
financial contributions from the BMFT on the basis of a 
limited agreement on ccoperation. 


Since 1991, following a comprehensive process of 
assessing GDR working groups and research institutes by 
the scientific council, leading to recommendations to 
restructure the research scenario in the new laender, the 
BMFT has also been support research groups in the area of 
basic scientific research that are operated as DESY 
branches in Zeuthen and ISAS branches in Berlin as well as 
a group that had been integrated in the HMI. Added on as 
new blue list institutes are, e.g., the Rossendorf Research 
Center (FZR), the Potsdam Astrophysical Institute (AIP) 
and the Institute for Applied Analysis and Stochastics 
(IAAS), Berlin, (see part VI, chap. 4). 


Support for basic research by the federal government also 
encompasses institutional, proportional support of the 
Max-Planck Society (MPG) and the German Research 
Community (DFG) (cf. also above chap. one and part VI, 
paras. 1.1 and 2.1). 
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Examples of Research on Major Equipment 


Research in recent years in elementary particle physics has 
led to a deepened raderstanding of our picture of the 
material world. Foz the first time there appears to be a 
possibility for reducing the various forces of nature to a 
single primitive force. This new picture opens up many 
promising new lines of research and it can be anticipated 
that the successive discoveries of recent years will also 
continue in the future. Elementary particle physics has set 
for itself the task of reducing the phenomena of the 
inorganic world to the interaction of a few elementary 
building blocks. At the outset it is not automatically 
understandable that such a program can succeed. In recent 
years, however, a prevalence of probative material has 
accumulated indicating that leptons (such as electrons, 
neutrinos and muons) and quarks are the elementary 
building blocks of matter. 


The required equipment for this consists of the CERN and 
DESY accelerator laboratories. CERN’s Large Electron- 
Positron Storage Ring (LEP) was put into operation in 
1989 and the Hadron-Electron Ring Accelerator Facility at 
DESY, Hamburg, (HERA), the Electron-Proton Storage 
Ring at DESY, was put into experimental operation in 
1992. Globally, neither has any competition, and they will 
consolidate Europe’s leadership position in elementary 
particle physics. The storage rings will afford unique 
possibilities for experimentation until the end of this 
century and will facilitate venturing into the tiniest dimen- 
sions of the microcosm. 


Nucleons and the atomic nuclei composed of them possess 
a complicated structure that cannot be clarified merely 
through a few major experiments. Instead, it is necessary 
to research the diverse aspects of the multi-particle nucleai 
system with different experimental methods. Hence the 
use not only of large accelerators but also of a number of 
medium-sized facilities operated in conjunction with uni- 
versity laboratories. The acvance in experimental tech- 
niques has opened up new prospects in recent years for 
medium energy and nuclear physics. New facilities or 
those under construction include, e.g.: 


¢ the Heavy lon Synchrotron (SIS) and the ESR storage 
ring at the GSI in Darmstadt (put into operation: 
1990) 

¢ the Cooler Synchrotron (COSY) at the Juelich 
Research Center (put into operation in 1993) 

¢ the Electron Stretcher Accelerator Ring (ELSA) in 
Bonn (put into operation: 1989) 

* the Mainz Microtron (MAMI) continuous electron 
accelerator in Mainz. 


—the exploration of condensed matter, that is [i.e.], solids, 
liquids and dense gases deals with the fundamental issue of 
the physical handling of multi-particle problems. A deeper 
understanding of the properties of solids constitutes the 
basis for materials research. Microscopic research methods 
make it possible to reduce the properties of substances to 
the atomic and molecular activity. Bending x-rays and 
neutron beams leads, ¢.g., to possibilities for positioning 
and moving atoms about, using nuclear resonance and 
Mossbauer effect methods it is possible to determine 
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internal electric and magnetic fields, electron spectroscopy 
leads to the electron structure of solids. Hence it was 
possible, for example, shortly after the discovery of new 
high-temperature super-conductors to elucidate their 
structure with the aid of neutrons. The exploration of 
condensed matter typically requires the use of a spate of 
complementary experimental methods in order to realize 
as complete a picture as possible. 


Counterbalancing this multiplicity of measuring methods 
is a plethora of applied fields in biology, chemistry, 
physics, materials sciences, medicine, etc. Accordingly, 
there is a higher demand—trending strongly upward— 
among researcher groups for access to appropriate possi- 
bilities for experimentation. This is true, above all, of the 
possibilities for working on major equipment that is 
located as a rule in national or international large research 
institutes because of the high cost of building it and the 
financial and personnel cost of operating it. It is here that 
methods and problems of nuclear physics, solid-state 
research, materials sciences and, increasingly, even 
pulymer research and molecular research coalesce. In 
addition to partially used foreign sources (e.g., in Dubna), 
the following major equipment is primarily available for 
many sorts of interdisciplinary research: 


* as neutron sources, the ILL’s very high-flux reactor 
(HFR) in Grenoble, the Juelich Research Reactors 
FRJ-2 in Juelich as well as FRG-1 at the GKSS 
[Company for the Use of Nuclear Power in Ship- 
building and Navigation] research center in Geesth- 
acht and FRM in Munich. Researchers in Germany 
now have available for their activities particularly 
interesting possibilities for experimentation with the 
HMI’s Berlin Experimental Reactor BER II in Berlin 
that was able to put into operation again after mod- 
ernization and a complete overhaul of its instrumen- 
tation in 1991. Research in Europe holds a leading 
position in the neutron sector because of some 
methods developed primarily in Germany, such as, 
neutron conductors, small-angle scattering, back- 
scatter and the production of ultracool neutrons. 

* as sources for synchrotron radiation, above all, the 
Berlin Electron Storage Ring for Synchrotron Radia- 
tion (BESSY) I ia Berlin and Double Storage Ring at 
DESY (DORIS) in Hamburg. 

¢ The European Synchrotron Radiation Facility 
(ESRF) that is under construction in Grenoble will be 
able to begin operation probably in 1993. It 1s sup- 
posed to provide high luminance primarily in the 
hard x-ray sector. Grouped around a German-French 
nucleus, other European countries (Italy, Great 
Britain, the Scandinavian countries, Spain, Nether- 
lands, Belgium, Switzerland) are participating in con- 
struction and operation (cf. part V, sect. 1.2.7). 


—In July 1992 the BMFT and the land of Berlin came to 
terms on the construction (and operation) of a new high- 
performance synchrotron radiation facility, BESSY II, in 
Berlin-Adlershof. This successor facility to the BESSY I 


will deliver radiation in the soft x-ray sector. It will 
probably go into operation in 1997. Because of its geo- 
graphically highly central location the facility will have a 
significant radiating effect on research in the new laender. 


—In astronomy/astrophysics, university and MPG insti- 
tutes from Germany are cooperaiing with seven other 
European countries under the ESO (cf. also part V, sect. 
1.2.5). ESO’s headquarters is in Garching near Munich. 
It operates 13 telescopes, including a 3.5 meter [m] new 
technology telescope (NTT) that was added in 1988. In 
December 1987 the ESO's board approved construction of 
a Very Large Telescope (VLT) that is to be installed on 
Paranal mountain in northern Chile. It will consist of 
four mirrors, each having an eight-meter diameter that 
can be interconnected in such a way as to achieve the light 
collecting performance and the resolution capability of a 
16 m mirror. The telescope presents fresh challenges to 
telescope construction and will endow European 
astronomy with a leading international role. It is sched- 
uled to be built by 1998. 


Besides the European coordinating center for collection 
and evaluation of data supplied by the Hubble Space 
Telescope (HST), ESO supports the European Space 
Agency (ESA) (cf. part V, para 1.2.3) and works together 
with U.S. space officials from NASA. 


With assistance in particular also from ESO, European 
astronomy has been able for the most part to catch up with 
the U.S.’s technological and scientific lead. 


Additionally, the KIS and the MPI for astronomy and 
radioastronomy operate observatories in Spain and 
France, as well as on the Canary Islands, in close cooper- 
ation with European partners. 


Space prc_ects have considerably supplemented surface 
astronomy. Deserving mention first are satellite telescopes 
for research activities in those segments of the spectrum 
that are not accessible from earth (infrared, ultraviolet, 
x-ray and gamma segments). Next, space affords the pos- 
sibility of directly visiting and performing in situ measure- 
ments on bodies in our solar system. 


Because of elevated costs, scientific space projects are 
realized through international cooperation. Germany is a 
significant participating member country in the ESA’s 
scientific program, both in financing and also use cf the 
scientific results. Successful examples of earlier and of 
planned projects deserving mention here include European 
X-Ray Observatory Satellite (EXOSAT) (x-ray astron- 
omy), IUE (ESA/NASA, ultraviolet astronomy), HIP- 
PARCOS (astrometry), Hubble Space Telescope (ESA/ 
NASA, general astronomy) and ISO [Infrared Space 
Observatory] (infrared astronomy) plus GIOTTO (comet 
missions) and CASSINI/HUYGENS (mission to Saturn). 


Because of their exceptional scientific esteem, German 
astronomers take part in other international space miis- 
sions, too, with equipment and consequently share the 





This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 


— 

















results. The scope of Germany’s share in such interna- 
tional space missions ranges from assessment of scientific 
data to furnishing entire spacecraft. The following may be 
cited as examples: HELIOS (with NASA; exploration of 
space between earth and sun), X-Ray Satellite (ROSAT) 
(with NASA, SERC [Science and Engineering Research 
Council]; x-ray astronomy), GRO (with NASA; gamma 
astronomy), ASTROSPAS (with NASA; ultraviolet 
astronomy, aeronomy), GALILEO (with NASA; explora- 
tion of Jupiter) and, as a new project, MARS-94/96 
(Russia; exploration of Mars). 


Basic research in Germany is characterized by a close 
linkage with research in other countries. There are many 
sorts of exchanges of scientists on a broad basis and joint 
conventions and seminars are regularly conducted for the 
upcoming generation of scientists. Hence it is only natural 
if large national research facilities also dispose of foreign 
scientists for their activity and, depending on their respec- 
tive levels of interest, European governments jointly take 
on major new basic research projects. With major equip- 
ment becoming ever more costly, as a rule, in the future, it 
will continue to be able to be installed and operated only 
through international cooperation. Moreover, the concen- 
tration of personnel and financial possibilities creates 
working conditions for European scientists who are global 
leaders. 


In its various specialized programs the BMFT supports 
major basic research equipment and projects. The fol- 
lowing graph illustrates the support for projects on major 
equipment in selected areas of basic scientific research, 
including research on the fundamental structure of matter 
(elementary particle physics, hadron and nuclear physics) 
and the properties of condensed matter plus astronomy. 
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3. Ocean Research and Maritime Technology, 
Polar Research, (Support Sector C) 


Introduction 


In recent decades numerous specialized disciplines have 
evolved from the originally descriptive sciences of “ocean 
and polar research.”’ Assisted by the entire range of scieti- 
tific and mathematic methods they research the physical, 
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chemical and biological processes in the ocean and polar 
ice and their interactions on one another and with the 
atmosphere, sea floor and coasts in their origination and 
continuous alteration. Currently, ocean and polar research 
constitute sciences with a strong interdisciplinary orienta- 
tion. Concurrently with advances in mathematical- 
scientific research methods, technologies were developed 
for the collection of data via aircraft, satellites and modern 
sensors and for management of the volumes of data. 


There has been a simultaneous growth in responsibilities: 
ocean and polar research have been assigned a key role in 
early detection of global climate changes and the resulting 
threat for humankind. The soaring volume of pollution in 
recent decades can lead to upsets in ecological equilibrium, 
above all in marginal oceans. Hence methods have to be 
developed to monitor the status of the pollution. Such 
tasking can be performed only through international coop- 
eration. 


As in most other countries, ocean research is organized in 
a decentralized manner in Germany with heavy influence 
from coastal laender. The high logistical cost of polar 
research, in turn, compels heavy concentration on a single 
institute, the Alfred Wegener Institute for Polar and Ocean 
Research (AW). 


Depending on the structure of the institutes, the federal 
government and the laender each share in different 
amounts in the basic financing. BMFT, DFG and EC 
project funding is also available. 


After reunification, Baltic Sea research, above all, was 
intensified. In the area of polar research, the AWI’s 
research activities that are currently heavily ocean- 
oriented, have been supplemented by the former GDR 
program primarily focused on the polar continent. 


Ocean Research 


Responsbilities 


Ocean research is a multidisciplinary science that lays the 
basic groundwork for 


—economic exploitation of the ocean, 
—preservation of intact marine ecosystems, 


—efficient measures for protection of the ocean environ- 
ment 


—acquisition of data on the ocean, sea floor and coasts. 


Physical and chemical oceanography is also an essential 
basis for climate research and meteorology. 


The search for new deposits of petroleum and natural gas 
is increasingly being conducted in the ocean. Even the 
acquisition of deep-sea ores (ocean mining) may possibly 
in the future make an important contribution to our supply 
of raw materials. The raw materials industry is confronted 
with new approaches and the development of innovative 
technologies here. These may be based on the results of 
modern basic research on the distribution of raw materials 
on the sea floors and in the ground beneath them. In the 
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context of possible acquisition of marine mineral raw 
materials extensive research activities have already been 
conducted involving the issue of protecting the deep-sea 
environment (TUSCH) in acquiring raw materials from 
broad ocean depths. The research includes water column 
processes and sediment formation processes. Ocean 
research methods are also applied in the development of 
new fish stocks and their careful management. 


In recent years the processes for trace analysis for analysis 
and monitoring of ocean pollution have been refined and 
standardized so that they have found routine application. 
Maritime forecasts of sea and ice motion, high storm 
waters plus information on temperature and plankton 
distribution are becoming increasingly reliable through the 
use of satellite data (see also ocean environmental research 
and monitoring, chap. 6). Topical foci of BMFT-supported 
geoscientific ocean research include, above all, the origi- 
nation and development of ocean crusts, issues of tectonic 
and volcanic activity on the continental shelves, the origin 
and development of marine sedimentations, exploration of 
changes in the atmosphere, ocean, cryosphere, biosphere 
and the earth’s magnetic field plus problems of deep sea 
env.ronmental protection. 


In addition to elucidating international ocean pollution, of 
special interest is the possibility of assessing major climate 
changes. Also garnering major significance is the long-term 
discernment of changes in the water situation and their 
impact on coastal regions. Current data acquired from 
digital simulation models are inadequate for future- 
oriented forecasts in both their meaningfulness and reli- 
ability. A Global Ocean Observing System (GOOS) is 
being readied for international monitoring of climate- 
relevant processes in the ocean. 


Through monitoring data and simulated modeling oceanic 
environmental research and monitoring furnishes docu- 
mentation on the status of the ocean and any change in it. 
Processes playing a significant role in this context include 
intermingling, agglomeration of floating particles, sed’ 

mentation, resuspension, chemical and biological conver- 
sion. 


At present, ocean research is still far from being able to 
record the complicated cycles of substances and interrela- 
tionships among ocean and atmosphere, the hydrosphere 
and the biosphere in their entirety. Still, the further 
development of special chemical and physical measure- 
ment processes and geoscientific research methods have 
already led to some fundamental insights. They are making 
a Significant contribution to our current status of knowl- 
edge regarding climatic, environmental and raw material 
issues (see also, under chap. 6, environmental research, 
climate research). 


For decades, countries on all the continents have been 
participating in international cooperation in ocean 
research with their research vessels and scientific organi- 
zations. From the realization that the exploration of the 
world’s oceans constitutes a challenge for all scientific 


disciplines that far exceeds the capabilities of any indi- 
vidual country, research institutes from the U.S., Ger- 
many, Great Britain, France, Japan, Canada, Russia and 
other countries represented in the European Science Foun- 
dation are conducting joint research. For example, the 
international “Ocean Drilling Program” (ODP), in exist- 
ence since 1984—like its predecessor the “Deep Sea 
Drilling Project” (DSDP)—is supposed to be exploring the 
ocean crusts, active and passive continental shelves and 
the climatic development of the earth through exploratory 
drilling. The BMFT is supporting this project jointly with 
the DFG and is supporting ongoing projects of German 
research facilities that are closely tied in with the ODP. 
The first proposals for ODP projects from the new laender 
are now available. 


By participating in the international Biological Investiga- 
tions of Marine Antarctic Systems and Stocks (BIOMASS) 
and World Ocean Circulation Experiment (WOCE) pro- 
grams, Germany has made other significant contributions 
to the exploration of Antarctic symbiosis and more pre- 
cisely the interrelation between the systems of currents and 
climatic development. Additionally, German federal and 
laender research institutes are participating in other mul- 
tilateral ocean research activities via the United Nations 
Educational, Cultural and Scientific Organization's 
(UNESCO) Intergovernmental Oceanographic Commis- 
sion (IOC), (cf. also part V, sect. 2.6). There are aiso 
bilateral agreements, e.g., with Australia, Canada, New 
Zealand, India, Indonesia, the U.S., Japan the People’s 
Republic of China [PRC] targeting joint exploration of the 
ocean, planned use of its resources and protection of the 
ocean environment. In the context of cooperation with the 
PRC in recent years, for example, a number of research 
voyages have been undertaken, mostly in the South China 
Sea. Current activities are targeting the exploration of 
present rates of sedimentation, using the FS “Sonne” 
research vessel and Chinese research vessels. 


With substantial support from the BMFT, Germany is 
participating in the Initiative for Enhanced Technological 
Cooperation in Europe (EUREKA) project for the Explo- 
ration of Ecological Causal Linkages in European Oceans 
(EUROMAR). Instruments and processes for monitoring 
the ecological situation of Europe’s coastal waters have 
been developed through cooperation between ocean scien- 
tists and industry. Besides the current | 2 partner countries 
of Belgium, Denmark, Finland, Greece, Great Britain, 
Italy, the Netherlands, Norway, Sweden, Spain, Turkey 
and Germany, the EC is also a participant in EVROMAR. 


Support for Ocean Research Institutes and Projects 


At present at universities and colleges doing ocean 
research, interdisciplinary basic research is being inten- 
sively expanded. The BMFT, in cooperation with northern 
German coastal laender, is engaged in increasing the 
effectiveness of ocean research institutes through compre- 
hensive specialized program planning. As early as 1986 the 
present Institute for Ocean Research in Bremerhaven had 
been incorporated into the AWI as a large research insti- 
tute financed by the federal government and the land of 
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Bremen (cf. also part VI, sect. 3.2.1). A marine geosciences 
(GEOMAR) center established by Schleswig-Holstein land 
in Kiel supports additional integration of research poten- 
tial in the traditional specialized areas of paleooceanogra- 
phy, volcanology, petrology, geology and geophysics. 


In 1989 the “Center for Ocean and Climate Research” 
(ZMK) was established by combining the existing univer- 
sity institutes in the greater area of the free Hanseatic town 
of Hamburg to improve the infrastructure and interdisci- 
plinary cooperation in ocean sciences. In the heart of 
Wilhelmshaven a “Center for Ocean Surface, Coastal and 
Ocean Environmental Research” (Terramare e.V.) arose to 
ensure and enhance relevant competitive, scientific poten- 
tial. 


BMFT supports the Helgoland Biological Institute (BAH) 
(cf. part VI, sect. 5.14.1) and jointly with the laenders of 
Schleswig-Holstein, Hessen and Mecklenburg- 
Vorpommern it is supporting, in addition to the already 
mentioned AWI, three other ocean research institutes in 
Kiel, Wilhelmshaven and Rostock-Warnemuende. The 
activities of other institutions also impinge on ocean 
research. For example, the Federal Ministry for Transpor- 
tation via the Federal Hydrography Institute (BfG), th> 
Federal Hydraulic Engineering Institute (BAW), the 
German Weather Service (DWD) and the Federal Depart- 
ment for Ocean Travel and Hydrography (BSH), are 
responsible for the safety of ocean travel, for the weather 
service and for actions to counteract pollution of the ocean 
and protection of the coastlines (cf. part VI, para 5.10). 
The Federal Ministry of Economy supports the research 
activities of ocean geology and ocean geophysics through 
the Federal Institute for Geosciences and Raw Materials 
(BGR) (cf. part VI, para 5.4.3). With the Federal Institute 
for Fishing in Hamburg (cf. part VI, sect. 5.5.4), the federal 
minister for nutrition, agriculture and forestry also has a 
sizable stake in ocean research support. 


For decades federal and laender universities and research 
institutes have customarily and successfully increased 
basic knowledge regarding the ocean and its resources. 


The availability of appropriate research vessels is an 
adjunct to implementation of the manifold research 
responsibilities and to structural improvement of the 
research institutes. Hence between 1984-1986 the BMFT 
commissioned the subsequent building of the FS 
“Meteor.” With 30-percent BMFT and 70-percent DFG 
support, the vessel’s operation supports international 
deep-sea research having a basic orientation. With the 
deep water vessels FS “Meteor,” FS “Polarstern” for polar 
ocean regions, and the FS “Sonne,” available on a charter 
basis, Germany disposes of research facilities that reflect 
state-of-the-art technology. Other appropriate research 
vessels are also available to federal and laender research 
institutes to pursue the manifold responsibilities of mul- 
tidisciplinary ocean . esearch in coastal and shoreline 
waters also. Successor vessels for vessels like FK “Alkor” 
and “Friedrich Heincke”’ that are nearly 20 years old have 
been completed. This guarantees that Germany will be 
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able to carry out monitoring responsibilities in the North 
and Baltic Seas in compliance with the international 
agreement on protection of the oceans. It also allows for 
monitoring of areas near the coasts that are among Ger- 
many’s most important recreational and conservation 
areas (Schleswig-Holstein nature park and Lower Saxony 
mudflats, bottomland areas). 


Besides institutional support, the scientific competitive- 
ness and capacity for ocean research are supplemented by 
federal government subsidies for individual projects 
(project support). Such project support provides signifi- 
cant and essential incentives for ocean research entailing 
current tasking and tasking over a restricted period of time 
(environmental and nutritional policy issues, development 
of equipment and processes, expeditions, etc.). In sampling 
the water quality of coastal waters and the deep sea, for 
example, research is done on the chemical and biological 
status, the self-cleansing capability and maximum resil- 
ience of estuaries (river mouth areas) and data specific to 
the North Sea is mapped, the pollution level in organisms 
is researched and the stock of organisms is monitored over 
the long term. The Federal Transport Ministry (BMV) and 
the Federal Environmental, Conservation and Reactor 
Safety Ministry (BMU) also support ocean research in the 
area of environmental protection of the ocean through 
R&D projects. 


The DFG supports special areas of marine research: 
“warm water spheres of the Atlantic,” “the South Atlantic 
in the late quaternary: reconstruction of the balance of 
substances and current flow,” “sedimentation in the Euro- 
pean North Sea: description and history of ocean circula- 
tion” and “climate relevant processes in the ocean- 
atmosphere system,” plus “interactions between biotic and 
abiotic processes in the Elba tide.” 


New Federal Laender 


In the former GDR, ocean research was performed inten- 
sively only by a few research institutions. When the 
borders opened it was possible to intensify cooperation 
with them. In this way, e.g., the Institute for Oceanography 
(IfMW) in Rostock-Warnemuende and the Greifswald 
university of Geomar (Kiel) were associated quite ear'y in 
planned research activities on the formation of sediment 
in the North Atlantic. 


With the accession of the new laender, Germany’s respon- 
sibility for preserving the biosphere of the Baltic Sea 
increased significantly. The altered political situation in 
East Europe is now affording even greater opportunities 
for the development of a joint, comprehensive prospect for 
research with the participation of all countries bordering 
on the Baltic. 


The federal government and the land of Mecklenburg- 
Vorpommern jointly are supporting as a blue list institute 
the Institute for Baltic Sea Research at the university of 
Rostock in Warnemuende (IOW) that was established on | 
January 1992 out of its predecessor I[MW. The institute’s 
basic responsibility is to be the analysis of the actual status 
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of the Baltic Sea on the basis of experimental and theoret- 
ical studies in order to develop appropriate models, e.g., 
for the spread of pollutants or the dynamics of water 
exchange. Building on that basis, prognoses will be con- 
structed regarding the future development of the Baltic 
considering the impact of natural and human influences. 
Besides such research responsibility with a more basic 
focus, the IOW—under commission from the federal 
department for ocean travel and hydrography on the basis 
of the law on ocean responsibility—will assume, through 
Baltic Sea monitoring, the monitoring responsibility that 
Germany committed itself to under the “Helsinki agree- 
ment on environmental protection of the waters of the 
Baltic Sea.” 


The IOW’s only research facility in the new laender is 
deep-sea-worthy research vessels. Available for research 
and monitoring activities in the Baltic are the research 
vessels “Alexander von Humboldt” and “Prof. Albrecht 
Penck.” The IOW will also use the “Humboldt” to take 
part in national and international expeditions outside of 
the Baltic. IOW scientists will also assume teaching 
responsibility in an oceanography course to be set up at the 
universities of Rostock and Greifswald. 


Since July 1991 there has been a firm arrangement 
between the IOW and the universities of Rostock and 
Greifswald to establish a Mecklenburg-Vorpommern 
Baltic Sea coastal research organization whose primary 
research foci will be the elasticity and variability of the 
bottomland ecosystem and the exchange and intermingling 
processes between the open sea and the bottomlands. 


On | January 1992, the institute for Baltic fishing was 
established in Rostock as a part of the federal fishing 
research institute in Hamburg. That institute arose from 
the former institute for deep-sea fishing and fish pro- 
cessing. It is subdivided into the sectors of stock-taking, 
biology of fishing, ecosystem research and ocean and 
inland aquaculture. Research activities in the Baltic 
including bottomland and coastal waters will focus on the 
economic exploitation of fishing resources, e.g., cod, her- 
ring, sprat. 
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Maritime Technology 


Maritime technology encompasses the technological 
resources for exploitation of the ocean and its resources. 
The federal government’s support activities in the field of 
maritime technology support the goal of laying the scien- 
tific-technological groundwork for a balanced exploitation 
of the ocean consistent with economic requirements. As a 
result they are also supposed to help improve the interna- 
tional competitiveness of Germany’s maritime technology 
enterprises. In the area of maritime technology also are 
research responsibilities for ocean travel that come under 
the purview of the BMV. Research activities on coastal 
protection support official preventive actions as a research 
contribution to the joint responsibility of the federal 
government and the laender under Article 91a of the Basic 
Law. 


The BMFT is currently supporting R&D in the fields of: 


—deep-sea mining technology for manganese nodules 
through German-French cooperation (expiring), 


—ship technology (fundamentals, drives, ice technology, 
ship operating technology), 


—ship production engineering to streamline production in 
shipbuilding, 


—coastal engineering (sampling and forecasting of natural 
conditions in the coastal region, research on the inter- 
actions between ocean and coastal construction with 
local focus on the island of Sylt). 


Participating in such projects are maritime technology 
enterprises, federal and laender research institutes, univer- 
sities and other research institutes. In the new laender ship 
technology and ship production engineering, above all, are 
being worked on. Among those cooperating in this are the 
university of Rostock and trust enterprises. Some projects 
are being carried out through bilateral cooperation: e.g., 
the testing of a sailing vessel with Indonesia and regional 
research activities in coastal engineering with the Nether- 
lands. 


Polar Research 


Advances in climate research over the last decade have led 
among other _— to an awareness that the — — 
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constitute especially sensitive but also influential compo- 
nents of the complex global climate system. 


Data on past climatic conditions going back several hun- 
dreds of thousands or even millions of year into the past 
can be garnered from the Greenland and Antarctic icecaps 
and ocean sediments from both polar regions. Biotic 
communities dependent on the respectively prevailing 
environmental conditions that can also be analyzed on the 
basis of sediment samples provide valuable clues to pre- 
vious and, possibly, even to future consequences of climate 
changes. Even at present, within approximately 10-100 
years, more or less, the earth’s polar caps are reacting to 
possible variations in atmospheric temperature via volume 
and extent of the oceanic ice, fluctuations in fresh water 
volume of the polar waters, preservation of the volume of 
the icecaps and changes in permafrost zones. This is why 
hints of current modifications in atmospheric and oceanic 
circulation can be picked up in a particularly easy way in 
the polar regions. 


Because of this fact, international endeavors to explore the 
hitherto only poorly explored polar regions have picked up 
significantly, especially in the last decade. Since 1979, 
Germany has had a sizable share in this development 
through co-crafting of the Antarctic pact and through 
consistent expansion of Antarctic and Arctic research. 


Antarctica 


Because of poor accessibility the Antarctic continent with 
its thick ice covering and the ocean region surrounding it 
even today have still not been adequately explored scien- 
tifically. The FRG quickly facilitated inclusion in interna- 
tional polar research and research of Antarctica estab- 
lished at the turn of the twentieth century through 
membership in the 1979 Antarctica pact, establishment of 
the AWI in 1980, installation of the Georg-von-Neumayer 
station in 1981 that is occupied year round (a new facility 
has been in operation since 1992) and the commissioning 
of the research icebreaker “Polarstern” in 1982. In March 
1992, an AWI research center was created in Potsdam 
associating the former GDR personnel-wise and themati- 
cally with Antarctic research. The DFG significantly sup- 
ported polar research in setting up the “Antarctic 
research” focal program in 1981 affording scientists from 
academia, above all, participation in Antarctic research. 
Other sponsors of Antarctic research include the BMW, 
with its subordinate BGR and the BMV and BML, laender 
university institutes and MPG institutes. 


The AWI is financed by the BMFT and the laender of 
Bremen and Brandenberg as a large research institute. Its 
responsibility as central institute for polar and ocean 
research is to perform its own research projects, to coor- 
dinate German contributions to polar research and ensure 
the availability of logistics for implementation of research 
activities in the polar regions (see also part V, para 3.2.1). 
Coordination on the international level is done through 
the Scientific Committee on Antarctic Research [SCAR] 
with AWI in charge of its national secretariat. 
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The former GDR’s Antarctic research independently per- 
formed since 1976 at the Georg-Forster station (it 
includes, inter alia, the lengthiest series of ozone measure- 
ments in Antarctica) continues to be conducted since 
German unification under the overall leadership of the 
AWI in its most important components partly at the 
original location and partly at the Neumayer station. 


Currently, the following are the principal themes of 
German research activities in the Antarctic: 


—structure, dynamics and function of Antarctic ecosys- 
tems, 


—thermal and dynamic interactions in the linked system 
of atmosphere, ocean and cryosphere and their impacts 
on the earth’s climate, 


—preservation of the volume and dynamics of ice on land 
and on the shelf, 


—analysis of trace substances in the atmosphere, hydro- 
sphere and biosphere of the Antarctic region, 


—determining past climate conditions based on ice and 
sediment cores, 


—structure of the earth’s crust and mantle in the region of 
the Antarctic continent. 


Available for implementing such a program, in addition to 
the “Neumayer” station open year round, the “Georg 
Forster Station,” the “‘Filchner Summer Station,” the 
Gondwana Summer Station belong to the BGR and the 
receiver site for the European Space Agency Remote 
Sensing Satellites ERS-1 at the O’Higgins station in Chile, 
are the FS “Polarstern,” the “Polar 2” and “Polar 4” 
research aircraft equipped with ski undercarriages and a 
number of well-equipped tracked vehicle for land expedi- 
tions. 


The “Polarstern” first serves as a multidisciplinary 
research platform and also shuttles supplies back and forth 
among the above-mentioned stations and other established 
field sites as required. Since its commissioning in late 
1982, the vessel has carried out 10 Antarctic expeditions 
(two winter trips in 1986 and 1989 cutting through the 
surrounding ice pack which was then at its greatest exten- 
sion). This enabled gathering valuable measurement data 
in support of the international climate research program 
exploring the winter biology of the ocean ice and shedding 
light on the overwintering of krill under the ice pack. Some 
of the expeditions were closely coordinated with the 
German fish research vessel ““Walter Herwig,” the U.S. 
drilling vessel “Joides Resolution” and the Soviet research 
vessel “Akademik Fedorov.” 


Deserving special mention too is the European Polarstern 
Study (EPOS) coordinated by the European Science Foun- 
dation and supported by European research institutes. 
During the 1988-1989 southern summer it exhaustively 
researched the biological structures processes in all the 
water columns and on the floor of the Weddell sea. 
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Glaciological activities since 1982 have been concentrated 
on the Filchner Ronne shelf ice where recording the 
preservation of the volume and movements o° that ice 
plate since 1983 continue to be conducted under the 
supervision of the AWI. The two “Polar 2” and “Polar 4” 
aircraft have major responsibilities in this activity. 


Since 1979, the BGR has conducted geoscientific studies 
in the area of the Ross Sea situated some 4,000 km from 
the Neumayer station. Altogether, seven GANOVEX 
expeditions in northern Victoria Land and two marine 
campaigns in the Ross Sea (Explora, Polar Queen) studied 
the development and evolution of the crust in that actively 
volcanic region. The Gondwana Summer Station was set 
up for that purpose. 


The Arctic 


Increasing interest in the exploration of Arctic Ocean and 
the adjacent polar regions is also leading to increasing 
R&D project support by the BMFT. In particular, climate- 
relevant processes in the ocean and atmosphere of the 
Arctic regions are uppermost in the research activities. 
Standing in a causal connection with this is the produc- 
tivity of life forms that are linked in a special way to polar 
environmental conditions. Other focal points of the scien- 
tific research include geological and paleoclimatic devel- 
opment of Europe’s North Sea and the Arctic Ocean. 


Scientists from some 10 countries took part in the Arctic 
expeditions with the FS “Polarstern.” The Arctic-IV expe- 
dition (1987) thrust far north into the basins of the Arctic 
Ocean to carry out basic biological, oceanographic and 
geoscientific research by means of combined use of the 
“Polar 2” research aircraft and the FS “Polarstern.” The 
oceanographic data recorded during that voyage and the 
geological floor samples that were acquired furnish a 
unique slice of the central Arctic. During the Arctic-VI 
expedition (1988), meteorological, oceanographic, biolog- 
ical, geophysical and geological research programs were 
carried out. In it the BGR jointly with AWI undertook 
reflecting ice-mixture measurements on the east Green- 
land shelf north of the seventy-ninth degree of northern 
latitude. Under a European research program here the 
geological development of glacially formed continental 
extremities are to be studied. Foremost in the Arctic-VII 
expedition (1990) were oceanographic, bathymetric and 
geophysical studies in the Greenland Sea and the Barents 
Sea. In a joint Arctic expedition (Arctic-VIII, 1991) the 
“Polarstern” was the first western vessel along with the 
Swedish icebreaker ODEN to reach the North Pole. Biol- 
ogists, oceanographers, ice researchers and remote-sensing 
experts took part in the interdisciplinary research activities 
of that expedition. In two trips between Spitzbergen and 
the North Pole, a comprehensive measurement program 
was conducted to obtain a preliminary clue to the earlier 
and present circulation of the central ocean. 


The extensive (thermohaline) ocean circulation, deter- 
mined by salt content or temperature differences, is 
steered to a considerable extent by processes in the regions 
of the north polar ocean. This has been corroborated by 
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recent computer models that confirm earlier findings from 
ice drill-cores and marine sediments. Also closely linked to 
these physical processes is the biological productivity of 
the different marine life forms. Systematic exploration of 
these complex linkages has been greatly hampered so far by 
the difficult ice conditions in the central Arctic Ocean and 
by national conservation zones in the region of the shelves. 
In the future, the natural limitations should be overcome 
by joint expeditions of a number of icebreaker research 
vessels. The growing readiness of coastal-bordering coun- 
tries to open up the shelf zones to research activities also 
makes it possible to anticipate improved possibilities for 
activity there. 


In 1990 the International Arctic Science Committee 
(IASC), of which Germany is also a member (see above), 
was established to support Arctic research. In the past, 
German Arctic enterprises with physical, chemical and 
biological research activities in the Greenland Sea and in 
Europe’s North Sea had regional foci. The target there was 
especially the formation of intermediate and deep water, 
development of ocean ice and, linked to both processes, 
biological productivity in the polar expanse. Those pro- 
grams—sometimes entailing the participation of a number 
of German research vessels—were conducted primarily in 
the context of international programs, e.g., the Marginal 
Ice Zone ee and the Greenland Sea Project. 





Federal R&D youn for Polar Research (in millions of 
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Since 1990, Germany’s Arctic research has had at its 
disposal the Koldewey Station in Ny Alesund on 
Spitzbergen that is occupied year round. Routine meteo- 
rological measurements are made there as well as recording 
of the vertical distribution of ozone and aerosol concen- 
tration. It has been agreed to expand the facility for 
chemical measurements of the atmosphere and for biolog- 
ical programs. 


4. Space Research and Space Engineering 
(Research Sector D) 


Overview 


In recent years Germany’s space policy has undergone 
considerable redevelopment and specification. Following 
intensive consultations, major changes in the program of 
Europe’s joint space policy were decided upon in the 
course of ministerial level sessions of the ESA’s council in 
Munich (1991) and Granada (1992). Based on the review 
of the design for the FREEDOM space station ordered by 
the new administration in the U.S. and the continually 
aggravated economic situation in ESA member states, 
another adjustment will probably be needed. 


Fresh emphases have also been placed on “national” 
programs. Major efforts have been made here to integrate 
existing capacities in the new laender, to strengthen coop- 
eration with Russia and Japan and supplementing the ESA 
program, to expand capa ilities in the area of earth obser- 
vation. 


In 1990 Germany’s space management was reorganized 
with the establishment of the German Agency for Space 
Activities (DARA). 


In November 1992, the consensus reached at the ministe- 
rial level ESA conference in Granada on continued activity 
by Europe’s joint program took into account both the 
altered economic situation in ESA member countries, the 
priority of the earth observation sector, engineering 
insights and more accurate cost projections for phase one 
of COLUMBUS and HERMES and also the opportunities 
for expanded international cooperation following the elim- 
ination of East-West confrontation on important points. 
Matters since then have continued to develop at a rapid 
pace: because of the tight financial situation in some 
partner countries, e.g., the adequate participation made 
incumbent on European laboratories (Attached Pressur- 
ized Module—APM) in Granada for the international 
space station FREEDOM has still not been realized and in 
the so-called precursor flights while there is in fact an 
indication of a supporting consensus for further joint MIR 
flights, there is no longer any for an additional SPACELAB 
or European Retrievable Carrier (EURECA) mission. Also 
requiring more accurate assessment are the U.S. adminis- 
tration’s proposals for a radical redesign of space station 
FREEDOM to achieve sizable cost reductions both in 
construction and in later operation. 


The federal government actually views this as an opportu- 
nity 
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—for cost savings on the part of Europe, too, and hence, 


—to arrive at an attractive design that will then also once 
more find full support within the ESA as well as 


—for Russia’s participation. 


The U.S. initiative therefore has been greeted favorably 
and constructively on the part of the Germans. 


Towards Further Development of Europe’s Space 
Policy 


The 1987 ministerial level ESA council meeting in the 
Hague had sanctioned a long-term space program for the 
period 1987-2000 on the basis of objectives and decisions 
issuing from the ESA council meeting in Rome in 1985. 
With rapid and decisive steps, by the year 2000 Europe 
was to realize some independence even in manned space 
travel while simultaneously consolidating transatlantic 
cooperation with Europe’s participation in the space sta- 
tion FREEDOM. Programs were adopted for the ARIANE 
5, COLUMBUS (including the European module for the 
international space station, the polar platform and the 
“Man-Tended-Free-Flyer”), HERMES and, in principle, 
even a Data Relay Satellite (DRS) system plus expanded 
continuation of the current scientific program. More than 
ECU33 billion {equivalent to nearly DM70 billion) were 
planned as actual expenditures for that purpose. As early 
as 1987 in The Hague, the German delegation had called 
for a reduction of 15-20 percent in program costs by the 
year 2000 for financial and substantive considerations. 
That is the reason why the ESA council also resolved to 
make a fresh review of the major HERMES and 
COLUMBUS projects after three years and only then free 
up phase two of them. 


The growing costs of the major projects in the early years 
and the changed economic situation in the ESA’s member 
countries caused doubts to arise at t ¢ latest in the wake of 
preparation for the Munich conference in 1991, as to 
whether the resolutions of The Hague could be ratified and 
in particular whether phase two of COLUMBUS and 
HERMES could be approved: total costs for the 
COLUMBUS and especially for the HERMES programs 
had risen considerably; as of 1992 a sudden annual 
increase in the contribution had become necessary; the 
easing of East-West tensions raised the question of coop- 
eration, above all, with countries of the present Confeder- 
ation of Independent States [CIS], and, lastly, earth obser- 
vation took on higher priority for environmental 
protection and climate monitoring. 


Against this backdrop, at the ministerial level ESA council 
session 18-20 November 1992 in Munich, the ministers of 
the ESA member states did unanimously come out in 
principle for continuation of Europe's successful space 
policy and therefore to continue pursuing the goals agreed 
to in The Hague in 1987. They also recognized in the same 
context the changed conditions in the political framework 
and financial constraints and, to realize Europe’s program, 
sanctioned an assessment of expanded international coop- 
eration both among member states and also with other 
European (including CIS) and non-European partners. 
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Europe’s long-term space program—extended for the 
period 1992-2005—was, however, to continue in existence 
for the time being as a strategic framework for onentation. 


At the same time Germany’s proposal was accepted, 
against the backdrop of an easing of global tensions and the 
associated expanded possibility of international coopera- 
tion, but also considering the obvious financial constraints 
in the ESA member countries, once more radically to 
review, from a cost/benefit perspective, this long-term 
European space program and to use the year 1992 for that 
purpose until a new ministerial level conference towards 
yearend. Such a “pause for reflection” could also afford 
Europe the opportunity to undertake a fundamentally 
fresh orientation of its long-term space strategy and indi- 
vidual programs. 


Substantively, as early as Munich, the earth observation 
and environmental research program had been highlighted 
as a new focal point having as objectives an improved 
understanding, monit: ing and management of earth’s 
resources. The only specific program therefore that the 
ministers also unanimously approved was development of 
the payload for a preliminary polar earth observation 
mission (POEM 1) using the polar platform to be devel- 
oped in the COLUMBUS program. 


Decisions of the November 1992 Council Meeting of 
Ministers in Granada 


After a year of intensive consultations and fresh planning 
in connection with the ESA council meeting in Munich, 
the ministers of the ESA’s member states in November 
1992 in Granada, resolved upon a reorientation of the ESA 


program. 


The essential elements of the decisions adopted there 
include: 


—Planning and implementation of the long-term program 
are to be realized gradually. The next review of the 
manned space voyage will be undertaken by the council 
on the ministerial level in February 1995. 


—A decision on building of the HERMES space glider has 
been deferred until then. A three-year technology pro- 
gram for manned transport was adopted and an elabo- 
ration of possibilities for cooperation on that with 
Russia and the U.S. Also stipulated under that program 
was a three-year definitional phase for an automatic 
transfer vehicle (ATV) for ARIANE 5 and also for a 
round-trip capsule (ACRV) as a rescue vehicle for the 
international space station. 


—The earth observation focal point was considerably 
enhanced with resolutions for two polar missions. To 
give definite realization to the POEM program that had 
been adopted in Munich back in 1991 (using a platform 
for earth observation in a polar orbit), approval was 
given for an en\ironmental research satellite mission 
ENVISAT-1 that is to be used especially to explore the 
current issues of the ozone hole, the greenhouse effect 
and atmospheric chemistry. As of 1998 that program for 
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environmental and climate research is supposed to facil- 
itate constant observation of our planet in a polar orbit 
through consistent continued implementation of current 
successful earth observation activities by ERS-i and its 
successor mission ERS-2 that has been made ready. For 
the first time global studies of the atmosphere’s compo- 
sition and associated environmental measurements are 
to be undertaken. Approved as a second mission line 
was the preparatory phase of a program for operational 
meteorology, METOP-I, also entailing polar orbiting 
satellites definitively to improve weather forecasts. 
Pending a cabinet decision and supplemental resolu- 
tions for a financing contribution, Germany has agreed 
to participation in that beyond 1993 via the European 
Organization for the Exploitation of Meteorological 
Satellites (EUMETSAT). 


—Also approved was construction of the European labo- 
ratory (APM) for the international space station 
FREEDOM. ESA’s general director was required by 
1995 to negouiate with the U.S. on the amount of the 
operating costs, the question of to what extent European 
supplies and services can replace effective financial 
contributions to the operating costs (bartering) and over 
extension of the program (by up to a year). 


Until 1995 therefore, the funding also due at the end of the 
program, totaling ECU350 million (approximately 
DM700 million) for program operation and exploitation, 
is to remain frozen. They will then be able to be unfrozen 
by a two-thirds majority of member states and their 
contributions. 


The subscription deficit still pending for the APM, 
amounting to nearly 10 percent, was initially halved in its 
financial scope because the ESA explained that costs for 
the program totaling more than ECU2.5 billion were 
lowered by five percent. Solutions were found for the still 
open subscription totaling five percent through negotia- 
tions with in’ idual member countries. Subscription def- 
icits for the po.ar platform (PPF) used as booster platforms 
for the two polar missions, will probably be absorbed by 
restructuring other subscribed mission programs. 


Participation in the preparatory flights should be negoti- 
ated above all with the U.S. that has signaled an interest in 
the same. 


—Also approved was the DRS-1 satellite for Europe's 
future data-relay satellite system. Building of the DRS-2 
is to be decided during the 1995 review, also by a 
two-thirds majority and their contributions. 


—The HORIZON 2000 scientific program is to be fully 
implemented in timely fashion by 1994 with the previ- 
ously determined real annual increase of five percent. In 
1995 the general director, taking into consideration 
scientific, technical and political development, is to 
submit a plan for further implementation of Europe's 
scientific space program. 


—As a result of international political changes in recent 
years, the ministers in Granada not only recognized the 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 











apparent possibility of expanding international cooper- 
ation for Europe’s space activities, particularly through 
intensified cooperation with the CIS countries, above 
all, with Russia, and in general, strengthening of inter- 
national cooperation, but was also sanctioned in appro- 
priate resolutions. The ESA will make more than 
DM220 million available for cooperation with Russia 
over the upcoming three years. 


Although the Granada resolutions will probably not be 
able to be implemented unaltered because of reopened 
debate regarding the space station FREEDOM, still, the 
following positive results will continue to be emphasized: 


—First, it succeeded in producing a European consensus 
on a program that had been considerably scaled-back 
financially: Germany’s contribution provided to the 
ESA for 1993 through 1996 of nearly DMS.1 billion 
continues to be only 65 percent approximately of the 
comparable requirements in terms of the resolutions of 
The Hague (1987). 


—The ESA’s long-term plan has preserved a new, more 
flexible structure in terms of time and substance that 
largely takes into account the changed economic situa- 
tion of the member countries. 


—The expanded international cooperation, above all with 
Russia, that is desirable in foreign policy terms but also 
because of the competence existing there and the long- 
term prospects for international cooperation in space, 
met with conjoint approval despite considerable misgiv- 
ings at first on the part of other ESA partners. 


Altogether, the new focal point of earth observation, the 
gradual progress, cutbacks in the manned programs, the 
unreduced realization of the scientific program, prepara- 
tions for cooperation with Russia (preferable in the sector 
of manned transport) constitute significant program 
advances. 


But it must also be seen that Granada was an intermediate 
step and development of a fresh programming of the 
European program is not out of the question: 


—Debate at and preceding Granada already indicated that 
approval for the APM and readiness to commit to 
preparatory flights and later exploitation in some 
partner countries was somewhat weak although at 
Granada it was possible once again to solidify the basic 
consensus. 


In contrast to the U.S. and even the ESA, Germany 
represented the position that such redesign 


—should lead to both a cost reduction and a convincing 
and updated useful design even for Europe's contribu- 
tion, and 


—insofar as possible also to Russian participation not only 
because of conceivable cost savings, but also because 
space station FREEDOM then continued to preserve a 
far-reaching function linking together peoples as a 
common enterprise of humankind. 
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It is not out of the question in this context that the APM’s 
current design as Europe’s contribution to the station will 
have to undergo significant alterations. 


Goals, Activities and ization of Germany’s 
Space Policy 
Objectives and Guidelines 


The federal government's objectives for the space pro- 
gram, as adopted by the cabinet’s space committee on 27 
June 1990, are still also an important basis of Germany’s 
space policy. Under it a special effort it to be made for: 


—vigorous participation in European cooperation in the 
ESA 


—further bi- and multilateral cooperation, above all, with 
the U.S., Japan, and also, in the meantime, with CIS 
countries 


—collaboration in European and international industrial 
and service organizations 


—a national program matching ESA programming that 
above all supports technical-scientific independence and 
a partnership capability for Germany in important, 
useful future fields and that advances the participation 
and integration of relevant capabilities of the new 
laender in industry and science. 


Other major substantive goals are: 
—obtaining scientific knowledge on earth and the universe 


—the availability from satellite-supported earth observa- 
tion of data and information, above all, for the solution 
of environmental problems 


—improvement of public and commercial infrastructures 
and appropriate services using space-based telecommu- 
nications, tracking and navigation 


—the incentive for technological advances and increased 
competitiveness of Germany's economy 


—realizing safe and economical access to space and its 
exploitation 


—support for international cooperation in science and 
technology and expansion of possibilities for develop- 
ment assistance 


—and, if applicable, elaboration of contrioutions for ver- 
ification of arms control agreements, crisis management 
and environmental monitoring. 


Activities in a National Context and in International 
Cooperation 


In very few instances—even in so-called national pro- 
grams—are German space activities conducted on a purely 
national level. Virtually every project entails at least one 
international partner. Besides Germany's participation in 
ESA EC programs, support for national and multinational 
projects, in terms of objectives and available financial 
funding, extends above all to the following foci: 
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—earth-oriented research on the status, development and 
resources of land areas, the atmosphere, the oceans and 
ice-covered regions of the world, 


—extraterrestrial research (astronomy, astrophysics, basic 
solar-terrestrial research), 


—research under space conditions for materials science, 
process engineering and biology/medicine using the 
manned space laboratory SPACELAB, with small pay- 
loads (Materials Sciences Autonomous Experiments 
under Weightlessness—MAUS) on U.S. SPACE- 
SHUTTLE flights and high-altitude research rockets 
Technology Experiments under Weightlessness 
(TEXUS) and MAXUS and with the recently erected 
drop tower in Bremen, 


—Development of technologies for radio, telecommunica- 
tions, navigation and data-transmission satellite systems 
for use by operators and users, 


—Preliminary studies and preliminary developments for 
orbital and terrestrial infrastructures, especially space 
transport systems (ARIANE, HERMES, Falke), orbital 
systems Shuttle Palette Satellite—SPAS, EURECA, 
COLUMBUS) and surface and commercial facilities 
(EAC [European Astronaut Center], MSCC [manned 
space control center], etc.). 


There was also support for 


—preparatory activities for operation and exploitation of 
orbital systems such as satellites, platforms and space 
station laboratories, 


—improvements in ARIANE booster rocket technology, 
basic technology developments and 


—studies on industrial and commercial possibilities for 
the exploitation of space. 


Research activities are being implemented in the following 
scientific-technological disciplines: 


—extraterrestrial studies in the fields of astronomy/ 
astrophynomy (physics of the upper atmosphere) and 
magnetosphere and plasma physics plus physics of the 
planets, comets, moons and interplanetary space, 


—satellite-based earth observation for climate research, 
meteorology and geoscience, 


—data acquisition technologies for environmental control 
verification and monitoring methods, 


—research activities under weightlessness in the fields of 
fluid physics, materials and biosciences and 


—satellite-based telecommunications and navigations and 
preparation of new possibilities for use (e.g., mobile 
communications). 


In recent years, in the scientific sector, e.g., the satellites 
GIOTTO, HIPPARCOS, the HUBBLE space telescope 
and ULYSSES were launched and successfully operated as 
ESA projects. The outstanding event and an international 


premiere was the launch of the German x-ray satellite 
ROSAT on | June 1990 tasked with capturing e-ray and 
extreme ultraviolet (EUV) radiation sources in outer 
space. The exception status of Germany’s research in this 
field is also upheld by successful participation in NASA’s 
Gamma Ray Observatory (GRO). This also applies to the 
efficient METEOSAT weather satellite system that has 
proven itself in daily use and that ESA placed at the 
disposal of Europe’s EUMETSAT meteorological organi- 
zation. Moreover, in July 1991 it was possible to launch 
and successfully operate Europe's first observation satellite 
ERS 1, developed and built under the overall leadership of 
Germany’s industry. ERS | is an all-weather-capable 
system that can perform all measurements with its micro- 
wave and radar sensors in the day as well as at night. 


In early 1992, jointly with the U.S. space agency NASA, 
ESA and other countries, using the SPACE SHUTTLE 
SPACELAB built under Germany’s overall leadership by 
European firms, undertook a one-week flight to research 
materials sciences problems (Fraunhofer Institute for 
Materials Flow and Logistics (IML 1). In late March 1992, 
the second German SPACELAB mission D-2 in a ten-day 
flight was dedicated to research responsibilities in fields of 
materials, process engineering, biology and medicine plus 
earth observation, astrophysics and radiation exposure in 
space; participating were the 1! ESA partners, NASA, 
France’s space agency, National Center for Space Studies 
(CNES), and Japanese industrial firms. Lastly, the 
OLYMPUS telecommunications satellite should be men- 
tioned that opens up new futuristic technologies for satel- 
lite-based telecommunications traffic. 


The dramatic changes in the political arena and the 
associated easing of East-West tensions also open up new 
horizons for cooperation in space. Intensive talks and 
negotiations are already underway regarding possible 
forms of international cooperation that make it possible to 
anticipate that over the medium and long term not only 
will it be possible to realize considerable synergetic effects 
in scientific-technological terms but also cost savings for 
all participants. Germany and Europe are aiming their 
efforts above all the U.S. as traditionally the most impor- 
tant partner, but also increasing at Japan which can play a 
large role, technologically, even in this field, and Russia as 
well plus the CIS. 


On 26 April 1991, the Mars "94 space mission treaty was 
signed with the USSR, as it was still at that time. Germany 
will participate in it with 13 experiments. This and other 
projects were transferred in the existing scientific- 
technological joint working agreement between the BMFT 
and the Russian Academy of Sciences that especially made 
room for projects from the new laender. 


Other agreements with appropriate institutes in the CIS 
are being prepared for expanded cooperation advanta- 
geous to both sides. For this purpose the BMFT's 1993 
budget is endowed with additional special funding totaling 
nearly DM17 million (cf. also part V, para 3.1). 


Steps towards more intensive cooperation with Japan were 
taken at a meeting of the two space agencies DARA and 
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NASDA [Japan’s National Space Development Agency] in 
Berlin in June 1992 with the appointment of thematic 
working groups. In late 1992 it was possible to conclude an 
agreement with Japan for joint development and use of a 
round-trip capsule (EXPRESS), in the development of 
which Germany in turn is involving Russia (cf. also part V, 
sect. 3.3). 


The needs of developing countries are taken into account 
through Germany’s collaboration on the UN’s space com- 
mittee and through the allocation of numerous scholar- 
ships and the organization or support of seminars and 
workshops (cf. part V, sect. 3.4). 


The New Laender 


The integration of capabilities and activities with interna- 
tionally recognized standards in science, research and 
industry in the new laender (NBL) that before unification 
comprised some 800-1000 specialists was vigorously pur- 
sued in joint German space activities. Targeted support 
activities made it possible to continue the most important 
projects agreed upon out of the country, above all, with 
Russian organizations and that are complementary to 
relevant responsibilities of Germany’s space program. The 
integration of East German capabilities into the totality of 
German space activities continues to be a priority goal; 
this includes above all the integration also of the research 
and industrial capabilities of the new laender into ESA 
projects and other international programs plus the use of 
East German experience in cooperation with the USSR’s 
successor states. 


The special experiences and competencies in the NBL are 
primarily based on the long years of scientific cooperation 
and the supplying of highly valuable technical equipment 
and instruments to the former USSR’s space projects 
entailing frequent flight opportunities. Activities focused 
chiefly on the field of earth observation including meteo- 
rology, on extraterrestrial research, satellite geodesy and 
telecommunications as well as on research under space 
conditions including, respectively, the scientific ground- 
work, appropriate technological requirements and the 
capacity for analysis. 


Warranting special mention is the recently created 
research center for the German Aerospace Research Insti- 
tute (DLR) in Berlin-Adlershof including the Neustrelitz 
remote observation station as an example of the realign- 
ment of the research scenario in the new laender. This new 
center, with more than 300 employees at present, will 
devote itself in terms of focus on extraterrestrial research 
and earth observation from space and is above all to 
continue space cooperation with the countries of the 
former East bloc (cf. also part VI, sect. 3.2.4). 


Cooperation with the former Soviet Union on the 
PRIRODA project, a research module for environmental 
observation docked to the MIR space station, constitutes 
one focal point in the area of earth observation research. 
Even before unification East German institutes made 
significant contributions here (e.g., MOS sensor; such 
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activities will be continued especially at the Berlin DLR 
institute for space sensor research. 


Extraterrestrial research activities focus on the fields of 
“astronomy/astrophysics” and “exploration of the solar 
system”’ including planet and comet research. Worth citing 
as an outstanding project is the MARS °94 project. Five 
teams of NBL scientists took part in it and its technolog- 
ically and scientifically highly interesting HRSC camera 
for exploration of the Martian surface is an internationally 
recognized state-of-the-art instrument. 


Other current projects in the new laender are directly 
linked to the experiences of scientists and engineers there 
in cooperative activity primarily with the former USSR 
under the Interkosmos agreement. 


Reengineering Germany's Space Management 


On 26 April 1989, the federal government approved the 
following elements of a joint concept for reengineering 
Germany’s space management: 


A cabinet space committee was organized to advise on 
basic political decisions on space strategy and planning 
plus a secretary of state space committee for the appro- 
priate department which prepares sessions of the cabinet 
committee that coordinates specific interests and activities 
within the federal purview as well as determining rules and 
guidelines for DARA. Interdepartmental coordination on 
the working level—including on the decision-making lev- 
els—is done in a departmental coordinating committee 
(KoStAR) chaired by the BMFT. 


DARA, with its responsibilities based on the bill for 
transferring administrative responsibilities in the space 
field (9RAUEG), has similar functions as comparable 
central space management institutes in other countries 
engaged in space travel (see also part VI, para 7.1). 


This organization reengineering of Germany's space man- 
agement has created sustainable bases for preserving Ger- 
many’s space interests and for effective project implemen- 
tation and, lastly, for coordinating international 
cooperation in the space sector. 


DLR Contributions to Space 


DLR (German Research Institute for Aer~space), comple- 
menting DARA’s management responsibilities, has had a 
long-standing key role in space research and space engi- 
neering for R&D and operational responsibilities (cf. also 
part Vi, para 3.2.4). As a national large research institute 
the DLR makes significant contributions in the sectors of 
space exploitation, space technologies and operational 
responsibilities for space missions for national and inter- 
national space programs, for instance, D-2, MIR 92, 
ROSAT, EURECA, IML, X-SAR, MARS "94. In doing so 
it focuses on its own long-term oriented scientific- 
technological research responsibilities, the building and 
operation of major equipment and research infrastructures 
plus contract management. Cooperation between DARA 
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and DLR in planning and implementation of space pro- 
grams is regulated in a 3 June 1992 framework agreement. 


DLR’s activities comprise programs for space exploitation 
(remote sensing, planetary observation, space research, 
communications and locating) and space infrastructure 
(space transport systems, rocket propulsion technology, 
orbital system, space robotics, systems and strategy stud- 
ies). 


In the remote sensing sector the DLR deals with methods 
and techniques, information technology systems and data 
products, atmospheric environmental and climate 
research and land/water environmental observation. 


The environmental observation provides basic knowledge 
for assessing the complex linkages of the biosphere that is 
threatened by environmental devastation. In this case 
space affords the possibility of continuously acquiring data 
on earth’s system over a broad area. In the “remote sensing 
methods and techniques” program the DLR is developing 
methods and new sorts of systems for remote sensing using 
aircraft and satellites that are used for environmental 
observation, in extraterrestrial research and for verifica- 
tion/guaranteeing the peace. 


Scientific-technological activities in the planetary observa- 
tion program support preparation of and participation in 
missions to bodies inside and outside of the solar system, 
e.g., the MARS project in cooperation with the CIS. 


Materials science and bioscientific research are carried out 
in the “space research” program. The focus of materials 
research under weightlessness is studies of highly purified 
metallic and semiconductive materials. In space the bio- 
sciences examine the relevant environmental conditions 
for living things—microgravitation, absence of geophys- 
ical clocks, solar and cosmic radiation, vacuum. 


Research activities in the field of communication and 
locating focus on information satellites for furnishing new 
services like mobile radio for sea, air and land vehicles, 
combined with navigational and traffic-management sys- 
tems and highly accurate synchronization of surface sys- 
tems integrating the basic problems of keeping and trans- 
mitting time. 


In the field of reentry and hypersonic technologies the 
groundwork has been laid to overcome the extreme 
ambient conditions in space during flight of the reusable 
space transporter. With its automation and robotics activ- 
ities the DLR has realized internationally recognized 
results that are used in manned and unmanned missions. 
The DLR is conducting systematic analytical studies to 
assess the feasibility of future space propulsion and trans- 
port systems. 


Another focal point of DLR activities is preparation and 
implementation of operational responsibilities for scien- 
tific (e.g., GALILEO, ROSAT) and commercial missions 
(e.g., German Telecommunications Satellite (DFS)- 
Copernicus, TV-SAT, European Telecommunications Sat- 
ellite (EUTELSAT)). Through its participation in the 
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European and national SPACELAB program, the DLR in 
Germany has a unique fund of knowledge and experience 
in regard to the use of humans in space. The DLR also had 
the astronaut training and project management for the D-2 
mission just as previously for the D-1 and MIR-92 mis- 
sion. The DLR’s existing surface infrastructure will in the 
future be folded into the ESA’s programs and cooperative 
activities with the CIS. 


The DLR has expanded the earlier cited Berlin-Adlershof 
research center in the new laender with two institutes for 
planetary research and space sensor research and the 
Neustrelitz remote sensing station in implementation of 
the science council's recommendations. In the interim the 
center has been integrated into the DLR organizationally, 
program-wise, legally and personnel-wise (cf. part VI, sect. 
3.2.4). 


Financing 


Aside from national support activities, space expenditures 
can only be accommodated through a joint European 
endeavor and realized and exploited in the context of 
international cooperation. It constitutes investments in the 
future for science and innovation and for realizing official 
preventive responsibilities since with modern space tech- 
nology they open up expanded possibilities for the use of 
and access to technological innovations that will be avail- 
able in the upcoming decades for management of terres- 
trial problems and responsibilities too. 


Participation in the ESA program constitutes the largest 
amount of financing in Germany’s space program. Addi- 
tionally, above all in national activities, transatlantic and 
bilateral cooperation with other countries engaged in space 
has proven its worth. 


So far support funding for European space community 
programs under the ESA and for national space research 
and space engineering projects has been provided in a ratio 
of nearly 2:1. It must be emphasized that nearly 80 percent 
of the so-called national activities also, meaning those not 
performed under ESA, are included in bi- and multina- 
tional projects. The total support funding cited here comes 
out of the BMFT’s budget. The following graph presents a 
survey of the breakdown of the BMFT’s appropriations for 
planning and responsibilities for space research and space 
engineering in fiscal years 1989-1993. 


Other federal ministries are also committed to space 
projects having an applied orientation (e.g., BMV, BMPT, 
BMU, BML). The RAUEG creates the possibility that the 
a propriate management responsibilities and funding are 
transferred to DARA. 


5. Fnergy Research and Energy Technology 
(Research Sector E) 


Political Objectives and Overview 


Since the mid-seventies, a reliable and guaranteed supply 
of energy at a generally favorable price level has acquired 
a special cachet in the mind of politicians, the public and 
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the private sector. The occasion for this was the two 
oil-price crises and concern about energy rescurces that 
were becoming scarcer around the world over the long 
term. As a country highly dependent on imported energy, 
the FRG reacted appropriately to this and sincs then has, 
among other things, included even in its R&D programs 
the goal of significantly contributing towards increasing 2 
guaranteed supply. Developments in the eighties currently 
do make the problems of dependency and resources appear 
less critical over the short and medium term, but another 
problem has emerged in the meanwhile that could be even 
more severe over the long term for a guaranteed supply of 
energy: The use of fossil fuels like coal, petroleum and 
natural gas entail consequences that result in major threats 
to our environment and world climate. Keywords are, e.g., 
acid rain and greenhouse effect. The public continues to 
have reservations about accepting the use of nuclear 
energy. Therefore, over the medium to long term, both 
types of energy are heavily constrained in their useful 
possibilities. Since fossil energy sources and nuclear energy 
presently constitute nearly 98 percent of Germany’s pri- 
mary energy supply, however, guaranteeing our total 
energy supply over the long term is at risk unless accept- 
able solutions are fashioned in a foreseeable period of time 
for the problcms confronting us. 


Contributing to the same via R&D is the primary concern 
of the February 1990 third program for “energy research 
and energy technologies” whereby the federal government 
has concentrated its research support in this area on a total 
concept. The program pursues a strategy with two comple- 
mentary objectives: it is to elaborate scientific principles, 
systemic linkages and new technologies so that 


a) primary and secondary energies can also continue to be 
used to an appropriate extent, aware of the challenges that 
an increasingly vulnerable environment raises for us; and 
so that 
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b) care can be taken so that in the future 


—only as much energy will be consumed as is needed and 
therefore 


—considerably fewer amounts of greenhouse gases will be 
emitted as at present, 


without thereby losing the flexibility for our energy sys- 
tems that is required to be able to cope with presently 
unknown future challenges. 


Each approach contains two components that yield four 
responsibilities for the program: 


—further development of currently existing energies so 
they can continue to be available over the long term as 
future options; 


—opening up of new energy sources free of CO, having 
major long-term potential. Based on present knowledge 
these include renewabie energies and controlled nuclear 
fusion; 


—Coming up with new and redeveloped technologies for 
efficient energy conversion and rational energy use; 


—formulation of stra.egies to reduce permanently and 
significantly the discharge of gases harmful to the cli- 
mate by our energy systems. 


Those four responsibilities have been supplemented by a 
fifth stemming from the challenges that developments in 
third world countries present us with, to wit 


—to contribute towards being able to guarantee a supply of 
energy for a growing population without occasioning 
unjustifiable harm to the environment or irreversible 
changes in our climate. 


These diverse responsibilities are presently confronted 
with engineering and design developments of varying 
maturity. 


In the fossil energies sector (coal, petroleum, natural gas) 
the R&D situation is characterized by the fact that rede- 
veloped systems components for furnaces and power 
plants are largely available but their usability, economical- 
ness and (environmental) impact in practice in entire 
systems still have to be demonstrated. In view of the 
present status of energy pricing, the construction and 
operation of additional demonstration systems for 
upgrading of coal have been deferred for the time being. 
The acquired know-how, however, has to be preserved’. 


For years now renewable energies have constituted a defi- 
nite growth sector for R&D. Because of the broad research 
efforts of previous years many technologies have been 
developed to such an extent now that they currently can be 
introduced onto the market, but a number of fundamental 
research problems still remain to be clarified. This applies 
both to processes bordering on basic research as well as to 
concretely marketable technologies. For instance, for 
photovoltaics new types of cells have been developed from 
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various source materials and redeveloped cell designs have 
been tested in prototype or demonstration systems. 


The spread between basic R&D and that bordering on 
applicability, however, is not so pronounced in the case of 
wind energy. Here too there are still fundamental prob- 
lems, e.g., rotor development, entailing consideration of 
detailed awareness of dynamic stress and the selection of 
appropriate materials. On the other hand, redeveloped 
systems are now on the market and at present they have 
already successfully approached becoming economical. 
The private sector is ready, in the case of photovoltaics and 
wind energy, to acquire systems engineering experience 
through building and participating in the building and 
operation of prototype and demonstration systems and 
using them for optimizing systems and their components. 
Photovoltaics and wind rotors are used to produce elec- 
tricity. Of equally great, if not even greater, significance is 
the use of renewable energies for supplying heat. Useful for 
this purpose are both technologies for the active and 
passive use of solar energy and, increasingly, the use of 
biomasses. Both require additional, broadly applied R&D 
efforts. For active solar thermal energy, they are to be 
combiued in a new program “solar thermal energy 2000” 
whose focal point will reside with the new laender. 


Besides the development of technical elements, the signif- 
icance of renewable energies resides above all in combined 
use with established energy supply engineering and in 
continued use in third world countries. In developing 
countries, the use of solar energy affords many advantages 
and therefore good possibilities for using it to supply 
power for villages, systems for potable water and irrigation 
because of the mostly higher solar radiation there and the 
often inadequate supply of conventional energy. 


In the case of nuclear energy light-water engineering has 
become established so that its further development is up to 
industry. The fast breeder and high-temperature reactor 
(HTR) projects had to be aborted since the consensus on 
energy policy in the FRG ultimately was revoked by the 
Social-Democratic Party of Germany (SPD). In the case of 
both products the land of North Rhine-Westphalia (NRW) 
voiced its opposition to their operation or renewed oper- 
ation. The responsibility for supporting breeder and HTR 
technologies was perforce linked to this decision. It was 
therefore possible for the support appropriations to be 
reassumed into the government’s research budget. On the 
other hand, remaining as a mostly official responsibility is 
R&D free of vested interests to increase reactor safety and 
safety in the disposal of radioactive waste. 


Typical differences have emerged in various sectors in the 
structure of official support for research: R&D in the 
sectors of fossil energy engineering and renewable energies 
including technologies for rational energy use is predomi- 
nantly in the form of directly supported projects. Only a 
rather small part, namely, R&D that mostly borders on 
hasic, is financed from the institution budgets of large 
research institutes. 


Both in project-oriented and institutional support, an 
increasingly large share of government responsibilities 
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(long-standing charges) is being maintained and those are 
based on the obligation to refurbish facilities from the 
previous nuclear energy development of the sixties and 
seventies. They involve large amounts that are becoming 
more onerous and are continuing at the expense of R&D. 


Now that the financial participation of the private sector in 
R&D projects has definitely increased in recent years and 
it has been possible to shut down a number of large 
demonstration projects from the seventies, the financing 
volumes of government support in the energy research 
sector for some time now have been hovering in general at 
a rather constant level. 


Coal and Other Fossil Energy Sources 


Coal is the only energy source that is stockpiled from 
major deposits in Germany. It contributes to almost a 
third of the primary energy consumption in Germany and, 
depending on the inclination of the federal government, it 
will even in the future make a significant contribution 
towards guaranteeing us a supply of energy. Official 
project support is used foremost for technical redevelop- 
ment of power plant and furnace engineering to facilitate 
the most ervironmentally-friendly use possible of fossil 
energy sources. The same applies to the brown coal stock- 
piled in the new laender. 


The priority goals in the development of new technologies 
are: 


—improvement of environmental friendliness and 


—reducing costs and elevating the level of efficiency in the 
use of fossil energy sources. 


Basic Results 


—Underground mining of coal is currently fully mecha- 
nized and in some cases is now automated. As a result 
labor’s productivity has increased considerably with 
simultaneous improvement in working conditions. 
Based on the level of development that has been real- 
ized, official R&D support is on the way out. 


—The technology of the atmospherically circulating fluid- 
ized bed furnace for small- and medium-sized power 
and heating plants has been successfully introduced into 
the market, domestically and abroad. 


In the wake of implementation of the large incinerator 
legislation, processes were introduced for eliminating, on 
an industrial scale, the sulfur and nitrogen from the flue 
gas in power plants. Compared with 1980, it was possible 
to reduce power plant emissions in the original laender of 
SO, by 80 percent and of NO, by 70 percent. 


The process of conducting flue gas via the cooling tower 
into the atmosphere, after successful testing at the model 
power plant in Voelklingen, can be used to convert power 
plants having systems for the remove! of sulfur from flue 
gas. The results now have to be translated from projects for 
new power plant designs having an improved levci of 
efficiency and lower emissions into specific planning activ- 
ities for demonstration power plants. The considerable 
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levels of efficiency thus realized also make it possible 
significantly to reduce the generation of the greenhouse gas 
CO,. 


—Under the combined research projects “high- 
temperature gas turbines” and “Tecflam” the ground- 
work was laid, as a result of comprehensive basic 
research activities, for increasing the output level and 
the degree of efficiency in turbomachinery and to reduce 
the production of pollutants as early as combustion. 


—A number of processes for coal gasification have 
matured to such an extent that they can be used in gas 
and steam turbine power plants. Planning activities for 
such power plants have advanced far along. 


Other Activities 


—Although power plant engineering as such has made 
considerable progress in recent decades, environmental 
protection calls for additional research efforts that are 
not just the responsibility of the government, however, 
but for which the energy sector also increasingly has 
greater responsibility. For instance, because of a higher 
level of efficiency gas and steam turbine power plants 
hold the promise of reduced discharge of pollutants and 
reduced use of fuel for identical current yield. The result 
can be a considerable scaling back in the emission of 
carbon dioxide that is at the center of public debate in 
connection with climatic developments. One technical 
requirement for this, among others, is the development 
of new high-temperature gas turbines for high intake 
temperatures and optimization of the flow and cooling 
gas conditions in the turbine. Work on development of 
the necessary groundwork for this is being done under a 
project combining industry, the DLR and universities. 
Different designs for generating current from steam and 
gas power plants are also under study, namely, com- 
bined processes having a supercharged fluidized bed or 
integrated coal gasification. 


—Coal hydrogenation could technically be developed to 
the point where it is ready to be used. But because of 
current energy prices it is not competitive. Develop- 
ment, however, can increasingly be used in variants; for 
example, in a German oil refinery to process heavy and 
residual oils; it is also possible using hydrogenation 
technology to process, problem free, not only used oil 
containing polychlorinated biphenyls but also polymers 
like polyvinyl chlorides [PVC] and polystyrenes, leading 
to a recycling of the materials. 


Modern gas production techniques have made it possible 
to use not only coal for energy but also waste materials 
ranging from household garbage to sewage sludge. 


International Cooperation 


The FRG conducts multilateral cooperation R&D projects 
in the field of fossil energy sources under the International 
Energy Agency (IEA). What is more, the EC, with its own 
purview, supports R&D and demonstration projects in this 
field. There are also bilateral projects, e.g., with Indonesia 
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(environmental impact of energy strategies), with Great 
Britain (coal liquefication) and with Norway (petroleum 
exploration and production). As regards cooperation with 
the CIS that has the largest reserves of fossil energy 
sources, progress has been made on new joint projects 
having high scientific-technological value, systems optimi- 
zation developments, pipeline safety and transport and 
improved yields of oil and gas are in preparation. 


Renewable Energies, Rational Use of Energy and 
Exploitation of New Secondary Energy Sources 


Technologies for the use of renewable energy sources and 
for the rational use of energies contribute to further 
diversification of the energy supply and a saving of 
resources and protection of the environment. Rational 
energy conversion and use are already able over the short 
to medium term to make an important contribution 
towards reducing environmental pollution. 


Renewable Energies, New Secondary Energy 
Sources 


In the FRG renewable energies presently cover a mere two 
percent share of the demand for primary energy. These 
entail mostly the use of water power and the incineration 
of waste materials or biomasses. Other renewable energies, 
especially active use of solar and wind energy at present 
hardly weigh into the energy balance. 


Characteristic of renewable energies is their relatively low 
yield and energy density and, as a rule, their diminishing 
availability over time. In an energy market that has been 
stagnant for a long time now, they therefore are in compe- 
tition to replace established technologies in which eco- 
nomic considerations are considerable. In selective areas 
of use, however, even at present some technologies are on 
the threshold of becoming economical, especially wind 
power plants, photovoltaics, geothermal energy, passive 
and active use of solar heat, the use of energetic biomasses. 
Renewable energies continue to hold high development 
potential. Hence R&D support allocated over the long 
term is necessary and justified, even in the basic sector. 
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Significant Results 


—market-ready electric and combustion motors for heat 
pumps, solar systems for generating hot usable water, 


—increasing use of systems using passive solar exploita- 
tion, 


—mono- and polycrystalline silicon cells ready for applied 
engineering, 


—extensive experience in the demonstration and test 
operation of systems-linked and non-systems-linked 
photovoltaic energy supply systems including agri- 
businesses, 


—market-ready technology and initial operational experi- 
ence from small and medium size wind energy systems 
leading to experience with the construction and opera- 
tion of larger systems, 


—development of systems components for generating. 
storing and using hydrogen technologies, including high 
Output electrolyses (Hot Elly). 


Other Activities 


—Direct use of incoming solar radiation fo generate cur- 
rent: 


¢ demonstration of the applicability of photovoltaics in 
Germany including in the “1,000 laender residences 
photovoltaics program” involving nearly 2,000 sys- 
tems and a concomitant measurement and assess- 
ment program, 

* expansion of applied-oriented basic research in the 
sector of solar engineering in the large research insti- 
tutes (under combined solar energy research), 

¢ Further development of technologies to produce inex- 
pensive high-efficiency crystalline silicon cells, 

¢ Researching materials and production processes for 
thin-film solar cells from amorphous silicon and 
connecting semiconductors. 


—Direct use of incoming solar radiation to generate heat: 
Intensified efforts to uses solar energy to generate heat: 


¢ Under development for this purpose is a new long- 
term “solar thermal energy-2000” program that has 
been set up to demonstrate active solar thermal use 
and developed for practical application 

¢ The demonstration targets are primarily public build- 
ings in the new laender. 

¢ Further development of broad R&D projects for 
passive use of solar energy, e.g., transparent thermal 
insulation, low-energy house designs. 


—Continuation of current demonstration programs such 
as “250 megawatt [MW] wind”; assessment of the opera- 
tional results via scientific measurement and evaluation 
programs. Occasionally, complementary demonstration 
programs are run in cooperation with the utility company 
(EVU). 
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—In the new laender wind systems and banks of windmills 
are in preparation. Under the 250 MW wind program, 
50 MW are slated for the new laender. 


—Intensive R&D on high-energy batteries (energy storage 
units) that are also an important line of development for 
the further development of electric cars. One focal point 
in this connection is improvement of ceramic oxide 
materials to increase stability and availability. 


—Development and testing of high-temperature fuel cells 
(energy converters-BZ) for use in power plants. This 
involves liquefied carbonate-BZ (MCFC [Molten Car- 
bonate Fuel Cell]) and ceramic oxide BZ (SOFC [Solid 
Oxide Fuel Cell]) that are still in the materials develop- 
ment stage and are shortly to be demonstrated. 


Membranous fuel cells (PEMFC [Polymer Electrolyte 
Membrane Fuel Cell]) are being offered for use in the 
mobile sector. A decision will soon have to be made on 
support for them. The fuel cells are have a future, among 
other things, because of the higher levels of efficiency they 
attain, as electrochemical energy converters. 


—Development of hydrological, geological and physical- 
chemical thermal storage systems for the use of renew- 
able energies in the combined system. 


—Exploration of the Hot Dry Rock technology to tap 
geothermal energy in the European combine. Possibie 
available locations for a demonstration project in coop- 
eration with the EC are: Soultz (France), Bad Urach 
(FRG) or Cornwall (Great Britain). At present no deci- 
sion has been made regarding implementation. Also 
being studied in the form of R&D projects are detection 
and use of subsurface hydrothermal deposits by means 
of new processes and methods. 


—Beefing up international cooperation in R&D the fields 
of photovoltaics, development of components and solar 
thermal energy, particularly in association with devel- 
oping countries. In the area of photovoltaics and applied 
solar energy engineering, the following tasking is being 
pursued under the focal point “application in the land 
area of the third world”: 


e international demonstration and testing of photovol- 
taic and solar energy potable water pumps and minor 
photovoltaic applications, 

¢ adaptation of small wind power systems for third 
world countries and on-site testing, 

¢ development of new processes using solar energy in 
sectors such as water treatment and desalination, 
cooling with process heat, 

¢ with the two testing programs for wind and solar 
energy in third world countries “ELDORADO-wind” 
and “ELDORADO-sun” that went into effect in 
October 1991, wind and photovoltaic systems are to 
be tested in an extensive test in southern climate-zone 
countries. 


—Further development of advanced incineration tech- 
niques (e.g., fluidized bed furnace) and of technologies for 
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gasification and degasification as well as for producing and 
using landfill gas for the use of energy from biomasses and 
waste materials (three to four percent of the demand for 


primary energy). 
Support Concept of “Regenerable Raw Materials” 


Against the background of a continuous surplus situation 
on the agricultural markets it is worthwhile, despite cur- 
rent low prices for fossil raw materials and energy sources, 
to review the development of alternatives for the produc- 
tion and application of agriculturally produced raw mate- 
rials. The cultivation of plants as regenerable raw materials 
may not solve the problems of agricultural overproduc- 
tion, but it may make an important contribution towards 


—resolving problems in agriculture, 
—expand industry’s raw material basis and 
—improve the environment. 


In July 1990, the support concept of “regenerable raw 
materials” was published, wherein for the first time a 
comprehensive approach was proposed for both biotech- 
nical and energy exploitation of regenerable raw materials. 
In the research support, the product line concept is pur- 
sued as applied to plant cultivation and extended, via 
conversion, to industrial use. The central point of the 
approach in the research support is the development of 
innovative technological fields of application for agricul- 
tural raw materials with appropriate technological exploi- 
tation of vegetative raw material at the forefront of 
research deliberations. Specific research foci were printed 
in publications on the individuals product lines of “new 
polymer materials,” “plant fibers’ and “wood.” 


The BMFT experimental model submitted in November 
1991 for ‘‘generation of heat/current from regenerable raw 
materials” should facilitate uniform support for a rather 
large number of model projects in specific locations. The 
goal here is to obtain insights into the operation of such 
systems for the entire FRG. 


The BMFT’s research support was supplemented on the 
national level by the support activities of the BML sup- 
porting virtually practical application and implementation 
of the research results. On | January 1993, responsibility 
for all research support for regenerable raw materials was 
transferred to the BML. 


The support concept of “regenerable raw materials’’ has 
been coordinated with the total concept of ‘“regererable 
raw materials” sponsored by the federal government and 
the laender. The federal/laender report submitted on this 
may be obtained through the BML, Rochusstrasse |, Bonn. 


Rational Energy Use 


In the broadest sense every activity qualifies as rational 
energy use if it is aimed at reducing the losses arising in 
every useful energy conversion. This may entail improving 
the level of efficiency in providing useful energy, e.g., 
generation of current, and reducing loss in the case of the 
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end user. Supported under the rubric of “rational energy 
use”’ in the area of energy research are technologies in the 
end-energy sectors of “conservation and limited consump- 
tion” and “industry and secondary energy systems” (e.g., 
remote heating). The goal is to reduce losses and exercise 
the potential for savings. Typifying this support field is the 
large number of occasionally small development projects 
and the necessity of realizing the required motivational 
and innovation effects while being mindful of the subsid- 
larity principle. 


In order to smooth the way for technological innovations 
and to help in a market breakthrough, appropriate organi- 
zational and administrative measures are also called for, 
e.g., honing heat conservation legislation in the direction 
of the low-energy house standard for new construction, 
honing heating system operation legislation that is espe- 
cially important for leased buildings and creation of incen- 
tives for intenser cooperation between architect and engi- 
neer in timber and wall work with a view toward energy 
Saving construction justified by the climate under the rules 
and fees for architects and engineers (HOAI). 


Significant Results 


—In-depth basic research and experiments in the area of 
translucent thermal insulation have indicted that using 
such new materials in the solid outer walls of buildings 
or in openings for light make it possible definitely to 
improve the energy yield of passive and passive hybrid 
solar systems and also active systems such as flat collec- 
tors. A broadscale combined project has laid the ground- 
work for a nuraber of virtually applicable systems devel- 
opments. 


—Improved combination of ventilation and heating in 
connection with recapture of heat has become highly 
important as a result of tougher energy saving measures. 
The broadly diversified combined project “ventilation 
in residential construction” in connection with compre- 
hensive laender cooperation (IEA), in particular, has to 
led to results that are now finding practical application 
including in the current redrafting of the so-called 
“ventilation standards.” 


—Major advances have been made in energy saving house- 
hold appliances even though R&D support, because of 
active market competition, was limited to a few exem- 
plary motivational developments such as the develop- 
ment of new electricity-saving lamps and lights. 


—Improvement of conventional heating technologies: 


Because of intensive R&D activities and marked compe- 
tition in recent years it was possible in recent years to 
realize a higher level of technology, as a result R&D now is 
focused especially on optimizing and pollution-reducing 
activities. At the same time efforts are being made to 
enable manual labor to install and service the new tech- 
nologies to best effect. Also, a study has explored the 
reasons for a lack of acceptance—e.g., absence of informa- 
tion, application problems, etc.—and elaborated a frame- 
work program with numerous proposals for improving this 
situation through short, medium and long term strategies. 
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—Use of passive solar energy: 


Once the engineering requirements—e.g., glass architec- 
ture—and experience in implementation could be made 
available and the possibilities and limits of producing 
passive solar energy in our climate pointed out, the use of 
passive sola: energy is being applied in a growing number 
of new constructions. 


—Elaboration of comprehensive information packages on 
the broad scientific insights of the past decade for the 
purpose of educating, continued training and advanced 
training of construction planners and implementers. 
They report on successfully concluded projects the 
BMFT supported in the thematic sector of “rational 
energy use and solar energy use through conservation 
and restricted consumption” and they are distributed by 
the Citizens’ Information on New Energy Technologies 
(BINE)' in the specialized information system for 
energy in the form a current total of 26 so-called BINE 
brochures. 


Other Activities 


—Further development and implementation of new mate- 
rials for thermal insulation, especially translucent 
thermal insulation in passive, passive hybrid and active 
solar systems, 


—Development and application of engineering solutions 
for controlled ventilation in leisure areas, 


—Implementation of measurement programs in the use of 
passive solar energy for verification of the theory and, if 
applicable, adjustment, so that validated planning pro- 
cesses and software can be elaborated. 


International Cooperation 


The federal government deems it an important responsi- 
bility, through development of appropriate technologies in 
the area of renewable energies and rational energy use 


—to contribute to the solution of third-world energy 
problems and 


—improve market opportunities for Germany’s private 
sector. 


Even in the future the continuation of international coop- 
eration in the IEA and the EC will remain an important 
component of research policy. The EC’s greatly expanded 
programs, above ail in recent years, have significantly 
supplemented national support programs. 


Nuclear Energy Research (Including Reactor 
Safety) 


Nuclear energy will be needed even in the future to 
guarantee us a supply of energy. Construction and opera- 
tion of commercial light-water reactors that realized a 
nearly 30-percent share in supply the public in Germany 
with current, no longer require official support. Therefore 
R&D support exclusively targets reactor safety and aspects 
of the disposal of radioactive wastes; and also individual 
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as~ects of the further development of innovative reactor 
designs containing inherently passive safety components. 
The primary goal of reactor safety research is to lay the 
scientific-technological basis for assessing and evaluating 
safety in the context of the government’s preventative 
obligation and to provide incentives to improve and 
continue to develop engineering for safety. Concurrently 
supported under the aspect of protecting individuals and 
the environment is coming up with end-storage as a result 
of appropriate research. 


Official project support for development of advanced lines 
of reactors, i.e., the high-temperature reactor and fast 
breeder reactor was concluded once the Thorium High- 
Temperature Reactor THTR-300 Hamm-Uentrop and 
Fast Sodium Cooled Reactor SNR-300 Kalkar projects 
were terminated. In the case of breeders, there is still a 
single participation in the European Fast Reactor being 
realized through the KfK. The activities in Karlsruhe will 
be terminated at the end of 1993. 


Significant Results 


—Experimentally-oriented validation and expansion of 
the materials mechanical database for components in 
the areas of dynamic stress and aging. 


—From evaluation of studies concluded at the former 
superheated steam reactor (HDR): verification of the 
safety margins under stress of the tubing in a nuclear 
power plant as a result of thermal shock, airplane crash 
or earth quake. 


—The effectiveness of Germany’s emergency cooling 
design having combined power supply was confirmed in 
experiments on a scale of 1:1 at the Upper Plenum Test 
Facility (UPTF) in Mannheim. On the primary cycle 
(PKL) integral test bed, the suitability and effectiveness 
of systems operations and various measures for internal 
plant emergency protection were studied. 


—On the basis of probabilistic safety analyses the possi- 
bilities for risk reduction through activation of internal 
plant emergency protective measures for light-water 
reactors were pointed out. 
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—Responsibility for the SNR 300 project following a 
decision by the financing party in March 1991, since, in 
view of the position of the approving authorities of the 
land of North Rhine-Westphalia in the process of legal 
approval of the atom, after many years of prenuclear 
trial operation and a waiting period of nearly three 
years, it was no longer possible to expect a successful 
conclusion of the process. 


—Concluding activities and operational assessment after 
termination of the operation of the Compact Sodium 
Cooled Experimental Facility KNK-II at the Karlsruhe 
KfK in August 1991. 


—After transfer of the THTR-300 Hamm-Uentrop to the 
operator in mid-1987, operation over nearly one and a 
half years provided some important experiences. In 
connection with a routine revision in 1988 it was not 
restarted for economic considerations—definitively 
specified by the statement of the land of North Rhine- 
Westphalia, approval to restart the facility no longer 
appeared possible because of the economic situation of 
the operator. Shutdown and secure encasement are in 
preparation. 


—The current results of activities for direct final storage of 
burned out fuel elements have demonstrated that this 
technology can also be realized from a safety viewpoint. 
All planned demonstration experiments are now in the 
final phase. Simulation of the shaft transport has dem- 
onstrated that heavy storage tanks (65 t) can be safely 
handled when being hoisted. 


—Detailed computations of various scenarios for the 
spread of radioactivity in the context of activities for the 
long-term safety of final storage for radioactive wastes 
have indicated that long-term elimination of pollutants 
from the biosphere is technically feasible and demon- 
strable. Those results contributed significantly towards 
enabling the adoption of an appropriate formal determi- 
nation by the Organization for Economic Cooperation 
and Development (OECD) —Nuclear Energy Agency 
(NEA)? and International Atomic Energy Agency 
(IAEO)* 


—Planning was completed for a linear removal (experi- 
mental dam) on a scale of 1:1 in the Asse research mine. 
Progress has been made on erecting the dam. The 
“Grimsel solid rock laboratory” project implemented 
through German-Swiss cooperation is now in the con- 
cluding phase of the project. The result of geophysical, 
geological, hydrogeological and rock mechanical studies 
to date indicates that a final storage of radioactive 
wastes in granite is basically feasible. Simultaneously 
resulting from the activities are designs and engineering 
processes for a closer study of specific locations. 


—Studies not linked to any location carried out in the 
R&D sector on safe storage of chemical-toxic wastes in 
deep geological formation furnished important results 
for the processing and conditioning of chemical-toxic 
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wastes, materials-handling and filling technology as well 
as underground engineering in salt as an interstratifica- 
tional medium. 


On the basis of information obtained in the nuclear sector, 
detailed activities were initiated to assess the long-term 
safety of the underground storage of chemical-toxic wastes. 


Because of its availability and favorable properties, rock 
salt is at the forefront of further activities. But solid rock is 
also being examined for its suitability. 


Other activities presently in preparation include: 


—further development of methods/processes to assess the 
remaining lifetime of reactor components; 


—experimental and analytical studies to assess measures 
for internal plant emergency protection; since mid-1991, 
above all, large-scale studies have been carried out at the 
UPTF facility in Mannheim in the recent project “Tran- 
sients and Accident Management (TRAM)” on the issue 
of internal plant emergency protection; 


—improved description of processes in the event of 
serious reactor troubles through studies on the problems 
of hydrogen and experimental and analytical activities 
on the meltdown/concrete interaction, aerosol behavior 
in containers and the development of filters; 


—analysis of complex systems cycles on the test bed to 
simulate the course of accidents and the impact of 
countermeasures; 


—studies of safety features in redeveloped recent reactor 
systems; 


—probabilistic safety analysis studies on the boiling water 
reactor; 


—continuation of basic research to implement final 
storage in salt (packing drum/salt interaction, long-term 
safety, barriers); 


—further development of methods and processes for 
reviewing and demonstrating the long-term safety of 
final storage (geomechanics; processing scenarios; pro- 
cessing models); 


—conclusion of engineering experiments for direct final 
storage in terms of demonstrating whether such tech- 
nology is ready to be applied; 


—basic activities on other geological formations besides 
salt; 


—optimization of measures to monitor fission material in 
cooperation with the European Atomic Community 
(EURATOM) and IAEO. 


Institutionally Supported Nuclear Energy Research 


In the KFA and KfK large research institutes, previously 
determined nuclear energy research has lost most of its 
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significance. Long-term activities to increase the safety of 
nuclear fission facilities and for the disposal of nuclear 
wastes continue. 


International Cooperation 


In the area of nuclear energy research and technology 
international cooperation has, in fact, always enjoyed an 
elevated status. Its foci are in the fields of 


—fast breeder reactors (until the end of 1993), 
—reactor safety research and 
—fuel cycle. 


Multi-year cooperation with other western industrial 
nations constitutes the necessary requirement for joint 
efforts to improve the situation in East European countries 
and in CIS countries. 


The federal government is supporting programs to rede- 
velop nuclear energy in the 


—EC under the current energy research program there, 
—OECD’s nuclear energy agencies, 

—IAEO 

and has a stake in them. 


There are also bi- and multilateral agreements on cooper- 
ation as well as for the implementation of joint projects. 
The federal government, for example, has concluded an 
agreement on scientific-technical cooperation with all the 
countries of Central and East Europe using nuclear energy 
and that also encompasses the field of reactor safety 
research. Joint scientific projects with the partners should 
provide contributions towards an assessment of the safety 
and improvement of nuclear reactors in those countries. 


Radiation Protection Research 


The primary goal of radiation protection is to prevent, as 
much as possible, damage from ionizing radiation, to 
avoid unnecessary exposure to radiation or contamination 
of individuals, property or the environment and limit 
unavoidable exposures and contaminations as much as 
possible. 


R&D foci in the field of radiation protection include: 
—analysis of natural and manmade radiation exposure 
—measurement technology and dosimetry 
—radio-ecological data and models 

—somatic and genetic impact of radiation exposure 
—prevention of accidents and mishaps 


—radiation risks from contact with radioactive materials 
and ionizing radiation 


—processes and facilities for optimizing radiation protec- 
tion 


—radiation protection when handling and removing radio- 
active waste 


—biological indicators. pathogenesis of radiation damage 
including diagnosis and therapy. 


In ongoing research projects, the alteration of natural 
radiation exposure resulting from manmade factors, in 
particular, even in homes, is being determined. Other 
research projects involve improvement of existing dosim- 
eter systems, determination of radio-ecological parame- 
ters, quantification of biological effects resulting from 
radiation exposure and planning and optimization of 
emergency measures. The targets of other research projects 
include determination of typical radiation exposure in 
specific activities in the fuel cycle, optimization of specific 
radiation protection activities and devices, radiation pro- 
tection in the handling of radioactive wastes and the 
development of biological indicators. 


These R&D projects are being supported at numerous 
university institutes and various federal departments and 
institutes. Also dedicated to radiation protection research 
are the large research institutes of the Research Center for 
Environment and Health (GSF), KFA and KfK. 


Available results facilitate a realistic assessment of radon 
radiation pollution in residences. Other results of the 
research projects include dosimeters that can be used 
anywhere, improved data and models for determining 
radiation exposure on the part of the population and the 
demonstration via biological dosimetry of greater expo- 
sure among those exposed to radiation on the job. Lastly, 
the results provide evidence of the impact of elevated 
radiation exposure resulting from uranium mining on 
human health. 


The FRG’s research activities in the field of radiation 
protection are to be viewed in close alliance with interna- 
tional radiation protection. Research in the EC and OECD 
is coordinated through the appropriate consultative 
groups. Additionally, the results of radiation protection are 
inputted by Germany’s representatives to the Interna- 
tional Commission on Radiation Protection (ICRP) and 
the United Nations Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR) and from there they flow 
into international regulations on radiation protection. 


Elimination of Nuclear Facilities, Risk Sharing 


Since 1956 construction and operation of a number of 
research reactors, experimental and demonstration facili- 
ties have been required to develop and expand the FRG’s 
nuclear energy engineering. Some of those facilities in the 
meantime are out of service, currently being refurbished or 
awaiting refurbishing. Most such facilities were erected 
with major federal government participation. Because of 
legal authorization, contractual and ownership-based fac- 
tors it is now obliged to finance the overhaul of the 
facilities or to participate in the same. 


A major portion of the refurbishment activities has already 
been initiated and has to be continued on contractual or 
legal grounds associated with the atom. 
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Only in a few instances are the reasons for the existing 
activities the planned termination of the operational life of 
the facilities (Experimental High Temperature Reactor— 
AVR, FR-2, Multi-Purpose Research Reactor—MZFR), a 
lack of perspective on the economic usefulness of the 
technology being research (Niederaichbach Nuclear Power 
Plant—KKN, HDR) or iong-term foreseeable safety engi- 
neering measures (filling in the southern flanks of the 
Asse). The costliest facilities simultaneously also requiring 
the largest financial expenditures for refurbishment had to 
be shut down since ultimately an absence of a consensus on 
energy policy in Germany prevented their being put into 
operation or their continued operation (SNR 300, KNK II, 
THTR 300, Karlsruhe Reprocessing Facility—WAK, men- 
tioned below). 


This meant that financial charges for shutting down or 
overhauling the facilities were incurred very much earlier 
than expected. Hence, as a result of the shutdown and 
overhaul activities—coupled with the typical risk costs for 
nuclear projects, e.g., on the basis of federal contractual 
obligations in the operating risk of facilities having specific 
technology (risk sharing)}—the BMFT’s budget in 1993 and 
following years will continue to be considerably burdened. 


This entails the following activities specifically: 
—WAK 


The WAK was erected in the late sixties as a pilot facility 
for implementation of R&D activities for the erection and 
operation of a German industrial KfK reprocessing facility 
in cooperation with the DKW/WAK. The WAK has been 
out of service since December 1991. 


Included in the facility’s refurbishment too are removal 
and glassification of the HAWC wastes stockpiled in the 
WAK. This is supposed to be done by the year 2000 in the 
PAMELA facility slated for this purpose in Mol in Belgium 
(cooperation with ONDRAF/Belgium). 
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—KKN 

This project demonstrated the first complete overhaul of 
an activated power reactor and yielded transferable 
insights for the dismantling of large power reactors. The 
project may be concluded in 1997. 


—SNR-300 nuclear power plant (Kalkar) 


Since the facility has not achieved so-called hot operation, 
and therefo.¢ is not radioactive, the overhaul may be done 
with a mostly conventional process. 


—THTR-300 nuclear power plant (Hamm-Uentrop) 


The facility has achieved so-called hot operation. Work is 
currently being done on accomplishing the permanent safe 
encasement of the reactor in order to implement total 
demolition at a later time. Besides the land of North 
Rhine-Westphalia and the High Temperature Nuclear 
Power Plant Limited [GmbH] (HKG), the BMFT has also 
been participating in the financing of disposal activities as 
a project participant. 

—Filling in the southern flank of the Asse shaft facility 


The Asse shaft facility, that has furnished important R&D 
results for final storage of radioactive waste in geological 
salt formations, has to be filled in on its southern flank for 
reasons of safety. This activity is independent of the 
continuation of required experimental interstratificational 
activities. 

—Large research institute (GFE) experimental facilities 
GFE experimental facilities include: the HTR AVR exper- 
imental reactor in Juelich and the FR2 research reactor, 
the HDR, KNK II and the MZFR in Karlsruhe. 





Federal Outlays for Overhaul of Nuclear Facilities and 

















Risk Sharing: in Millions of DM 
1991 (actual) 1992 (actual) 1993 
(projected) 
KFA-Juelich 25.6 21.5 20.1 
KfK-Karlsruhe 33.4 215.2 161.5 
Other 60.0 126.9 85.7 
Total 119.0 363.6 267.3 














Nuclear Fusion Research 


Internationally, the current supply of energy is mostly 
based on fossil fuels. Since sooner or later such raw 
materials will start becoming scarce, it is compulsory to 
keep all options open for a long-term, clean supply of 
energy for a steadily growing population worldwide 
entailing an increasing demand for energy and dangerous 
changes to the climate as a result of high CO, emissions 
from the burning of fossil fuels. 


Nuclear fusion is one option for a long-term supply of 
energy that shows high potential and is free of CO, 
emissions. Development of this energy source is a 
demanding challenge that can be managed only through a 
long-term international endeavor. One basic reason for the 
relatively long period of time for development of the 
nuclear reactor is the complexity of plasma physics, that 
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can be described in theory only with difficulty and there- 
fore has to be developed experimentally. Typical progress 
in fusion research, therefore, is characterized by results 
obtained empirically and by extrapolating from each of 
them makes it possible to take the next step towards the 
engineering of an operating fusion reactor. Its importance 
and cost make nuclear research a responsibility of the 
international community. 


On 9 November 1991 a milestone was reached in fusion 
research. For the first time after 50 years of research, using 
model plasmas in Europe’s Tokamak facility Joint Euro- 
pean Torus (JET) in Culham, Great Britain, there was 
success in igniting a fusion fire by colliding fast tritium 
atoms and to generate a two megawatt fusion reaction 
lasting for two seconds. 


This success demonstrated the legitimacy of the present 
structure of the European fusion research program that 
made such state-of-the-art achievements possible through 
appropriate management and financing structures. The 
European program encompasses all fusion activities of the 
EC member states including Sweden and Switzerland, that 
are subjected to a critical, expert assessment by applicants 
for EC grants. It supports basic financing with 25 percent 
and provides an additional 20 percent participation in 
investments. The European fusion program is coordinated 
by EURATOM. It is assessed about every five years by a 
group of independent scientists. 


Germany's fusion program is a component of the European 
program. It is institutionally supported. Plasma physics 
studies and technological development activities on 
nuclear fusion are carried out in large experiments and 
large experimental facilities through a division of labor in 
the three large research institutes, the Max Planck Institute 
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for Plasma Physics (IPP), in Garching, KFA and Kfk. The 
results, e.g., introduction of the divertor configuration in 
the fusion experiments, treating with boron the first liner 
for the containment of plasma impurities or the redevel- 
opment of the stellarator principle have now won interna- 
tional recognition. Through participation in the European 
fusion program Germany will contribute even in the future 
to the advance of fusion research. As a result it will 
simultaneously expand its own capability for being able to 
continue to develop complex fusion technology from the 
scientifically experimental stage to industrial mastery of 
reactor engineering. 


As the next step in fusion research, Europe, Russia, the 
U.S. and Japan are presently preparing, through an inter- 
national division of labor, to build a tokamak reactor, the 
International Thermonuclear Experimental Reactor 
(ITER), to demonstrate the physical feasibility of fusion— 
ignition and combustion the plasma. Auguring well for the 
high esteem of Germany’s fusion research in this connec- 
tion is the fact that the IPP along with San Diego in the 
U.S. and Naka, Japan, has been selected as the European 
headquarters for an international team of scientists for 
development of the ITER design. The federal government 
in the future will continue to advocate a European location 
for that experiment; it is presently examining whether it 
will compete for a location in Germany. 


Besides the broadscale research on plasma physics in the 
national centers that continues to be necessary, technolog- 
ical development for the construction is increasingly 
moving into the foreground. Consequently, the future 
thrust of fusion research will be marked by: 


—the elucidation of plasma physics and plasma-liner 
interaction using reactor-scale large experimental facili- 
ties, 


—the development of engineering components in a com- 
prehensive technology program. 


Combining scientific, material and financial resources and 
coordination of the activities of multinational partners to 
realize substantive and deadline goals will call for highly 
sophisticated management but spare all participants siz- 
able costs. We will have to hold our breath for a long time 
before controlled nuclear fusion can become a productive 
source for the generation of environmentally-friendly 
energy. On the basis of current evaluation and planning a 
commercial fusion reactor might be able to come on-line 
about the middle of the next century. The federal govern- 
ment is anteing up an average of DM200 million annually 
for support of nuclear fusion. 


6. Environmental Research, Climate Research 
(Support Sector F) 


Introduction 


In recent years the problems of how to permanently 
preserve the environment or how it will be possible to 
ensure human social and economic development while 
making use of natural resources without overtaxing the 
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earth’s maximum resiliency have emerged into the ranks of 
themes pursued with attentiveness. In this context, that 
fundamental debate on the relationship between ecology 
and economy, between environmental protection and 
society has developed to the point of whether environ- 
mental protection should be included in the Constitution 
as an official objective. A prior high point in the interna- 
tional sector was the UN Conference on Environment and 
Development (UNCED) in Rio de Janeiro in June 1992 
where representatives from 178 countries intensively nego- 
tiated on the interlinked themes of environment and 
development. Beyond any specific negotiating results, the 
conference primarily helped make the public, the private 
sector and politicians even more acutely aware of the issue 
of sustainable development into the future. 


Development into the Future 


The goal of development into the future calls for an 
overarching, globally coordinated environmental policy 
and, above all, for integration of environmental protection 
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in all policy sectors. In this connection, a major role goes to 
environmental research in connection especially with 
ocean, polar and energy research and biotechnology, since 
it furnishes, via scientifically and technologically grounded 
insights into the origin, impact, avoidance and elimination 
of environmental pollution, a platform for targeted action 
in various policy fields. Beyond remedial action to elimi- 
nate or limit the current causes of environmental pollu- 
tion, what is needed is the molding of economic, produc- 
tion and consumption processes through comprehensive 
environmental management into as closed as possible a 
resources cycle. 


The situation in the new laender has impressively demon- 
strated the urgency of targeted activities including system- 
atic research. In 1991 in those laender on the expert advice 
of the research institutes of the former AdW and Acade- 
mies of Agriculture (9AdL) through the science council 
and through its recommendations for founding a new 
environmental research institute (see part VI), that have 
been realized in the form of cooperation between the 
federal government and the laender since early 1992, a 
course was plotted for sustainable and future-oriented 
environmental research in those laender. 


Environmental Research Program 1989-1994 


Those new research institutes therefore—just like existing 
large research institutes and other institutionally sup- 
ported institutes—have been integrated into the environ- 
mental research alignment whose basic elements are 
described in the 1989-1994 environmental research pro- 
gram. Current activities in various ficlds based on this 
program are described in the following paragraphs. Also 
examined are the support concepts that more precisely 
update and flesh out the program partly bowing to the 
results of the UNCED conference. Over the medium term 
preparatory work is being done on drafting an updated 
environmental research strategy also incorporating the 
results of the current assessment by the science council of 
Germany’s basic environmental research that will prob- 
ably be completed at the end of 1993. 


Given the complete actuality of the problems “at our 
doors,” global environmental problems may not be over- 
looked. Examples of particular urgency include the ozone 
hole in the stratosphere, the disappearance of tropical rain 
forests and climatic changes with their respective conse- 
quences, especially for individuals and society. This 
responsibility first requires close cooperation among 
social, economic and physical scientists since it is espe- 
cially socio-economic issues running the gamut all the way 
to problems of environmental awareness that have to be 
dealt with. Next, internationalization of the research has to 
be spurred on. 


EC and International Endeavors 


This is of major importance for the EC which, in 1986, 
included specific provisions on environmental protection 
in the European Economic Community [EEC] Treaty with 
the Uniform European Portfolio and thereby established 
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an express Community competence in this field. Consis- 
tent with this it also significantly intensified its activities 
in the environmental sector with a newly approved envi- 
ronmental research program in 1991. With the European 
Union [EU] treaty, environmental protection maintains 
the status of a typical Community policy whose goals 
include attention to the regional and international dimen- 
sion of the environmental problem on the international 
level. 


Even the survey commission of the eleventh German 
parliament “preventive action to protect the earth's atmo- 
sphere” and its successor, the twelfth German parliament's 
survey commission “protection of the earth’s atmo- 
sphere,” underscored this international dimension in their 
reporting. In June 1992, the UNCED created the legally 
binding groundwork for environmental policy action with 
the signing of two conventions on international climate 
protection and protection of biodiversity, and with the 
adoption of the Rio Declaration with its basic principles of 
how states should comport themselves in the future in the 
environment and development sector, as well as with the 
broadscale “Agenda 2]” action program aiming into the 
next century and through the forest declaration, provided 
major impetuses for the development of global environ- 
mental management. 


The spreading perception of the need for international 
measures to preserve the natural bases for life and to avoid 
critical global changes in the environment lays the ground- 
work for the ability to make a successful transition from a 
strategy of merely coping reactively with symptoms to an 
active, preventive technological development. Major 
impetuses to this effect are anticipated from the ‘‘scientific 
advisory council on global environmental changes” 
appointed by the federal government in April 1992 and 
that issued the first annual report in June 1993. 


The decisive issue for research is to succeed, beyond 
continued efforts for improved understanding of the 
earth’s system (“systems research” for the elaboration of 
basic and referential knowledge) in a better understanding 
of the consequences of a changing environment (“impact 
research” for risk assessment) and, above all, in research 
on effective remedies and countermeasures (“shaping 
research” to provide know-how). This applies especially to 
private sector endeavors to develop “smart” and environ- 
mentally-friendly production processes and products and 
as a result “integrated environmental protection.” 


Ecological Research 


The support concepts and research themes presented 
below furnish contributions to the three subordinate objec- 
tives: 


* risk assessments, i.e., recognizing and assessing the 
risks for individuals and nature from environmental 
pollution as well as from indirect consequences, 

¢« know-how, i.e., development of strategies to regen- 
erate and revitalize troubled ecosystems and to sup- 
port the capability for developing exploited ecosys- 
tems, 
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* basic and referential knowledge for a better under- 
standing of the natural bases of life and of ecosystems 
as a prerequisite for risk assessment and ecologically 
sustainable action. 


Ecosystem research 


Ecosystems are high-level networkings of complex and 
dynamic systems. The damage to our environment can 
only be adequately recognized, assessed and averted if it is 
dealt with in connection with ecosystem processes and 
human exploitation. 


Ecosystem research supported by the BMFT is supposed to 
craft conditions wherein terrestrial ecosystems and bodies 
of water can be exploited over the long term without 
jeopardizing their specific productivity and natural, self- 
organized dynamics. The conditions are formulated both 
for natural processes like soil development, climatic occur- 
rences or predator-prey relations and for anthropogenic 
factors like exploitation, air pollution, agrochemicals or 
climate changes. 


Research includes: 


—Forest and agricultural ecosystems as examples of fields 
having economic sustainability and high surface areas. 


—Industrial hubs and conurbations having extremely high 
pollution (also see urban ecology), 


—Natural and virtually natural ecosystems (e.g., Alps or 
core zones of national parks or biosphere reserves) as 
centers of natural diversity of species and undisturbed 
natural development as well as landscapes of unique 
beauty and rarity that are simultaneously highly sensi- 
tive to anthropogenic pollution. 


The results of ecosystem research are processed in such a 
way that they can be incorporated in specific environ- 
mental preventive actions and environmental rehabilita- 
tion. 


Another important concern of ecosystem research is to 
come up with the bases for decision-making for the assess- 
ment process for eco-equilibrium in the industrial sector 
and to collaborate in the continued development of meth- 
odological bases for eco-equilibrium. 


For product and production integrated environmental 
protection that is primarily the responsibility of industry it 
is not only necessary to optimize the materials cycle, 1.e., 
consumption of resources and energy but also to minimize 
polluting the environment with harmful substances as well 
as actually determining the pollution limits for individual 
ecosystems and entire regions. This is where ecosystem 
research comes in. The BMFT supports ecosystem 
research for a limited period at various locations using 
different methodological approaches and scientifically 
organized structures. The integration of university 
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research with the activities of non-academic institutes, 
e.g., MPG, Fraunhofer Society and especially the large 
research institutes (above all the GSF environmental and 
health research center in Munich and the Leipzig-Halle 
environmental research center) has been initiated. 
Through agreements with the laender responsible for the 
participating universities care has also been taken to 
enable ecosystem research to be performed over the long 
term, its insights incorporated into discipline-oriented 
research and instruction and scientific advice made avail- 
able to official and private-sector institutes at the sites of 
ecosystem research. 


At present the national centers for terrestrial ecosystem 
research supported by the BMFT as federal incentive 
financing it clude: 


—the Bayveuth Institute for Terrestrial Ecosystem 
Research (BITOEK) for virtually natural ecosystems, 


—the research center for forest ecosystems in Goettingen, 


—the Research Group for Agrarian Ecosystems in Munich 
(FAM), a group of jurists from the technological univer- 
sity (TU) of Munich and the GSF, 


—the project center for ecosystem research in Kiel in the 
area of the “Bornhoeveder chain of lakes,’ a hydrolog- 
ical catchment area having an agricultural and forest 
economy, 


—the Leipzig-Halle environmental research center (UFZ) 
for highly-polluted conurbat'ons, 


—Combined projects for the highly-sensitive ecosystem of 
the Alps in Allgaeu, at Tegernsee and in the national 
park of Berchtesgaden. 


In Kiel, in Berchtesgaden and Leipzig/Halle there is close 
cooperation with the BMU supported activities for ecolog- 
ical environmental monitoring/rehabilitation. The BMU 
also is making important contributions under its depart- 
mental research for conservation. 


In the area outside of Europe, the BMFT, through bilateral 
cooperation, is supporting ecosystem research activities on 
the tropical forest in Brazil (also see tropical ecology) and 
on steppe and desert-like regions in Israel. 


Internationally, BMFT-supported ecosystem research is 
included in 


—the UNESCO program “Man and the Biosphere 
(MAB)” and 


—the International Geosphere and Biosphere Program 
(IGBP) of the International Council of Scientific Unions 
(ICSU). 


To be able effectively to incorporate national research 
results in international programs, the national research 
centers have merged into a Terrestrial Ecosystem Research 
Network (TERN) research association. 
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Urban Ecology 


In urban regions and industrial landscapes environmental 
problems frequently surface in large numbers and with 
special intensity. They directly impact urban residents. 
Pollution of air, water and soil by industry and business, 
noise and exhaust pollution from high traffic volume, 
growing piles of garbage, increasing amounts of effluents, 
etc. cause conflicts that have impacts even at far distances, 
possibly even globally. 


Important responsibilities in the BMFT support concept of 
“ecological research in urban regions and industrial land- 
scapes” (urban ecology)° therefore include: 


—elaboration of ecologically grounded strategies and 
approaches for communal preventive and rehabilitative 
environmental protection and 


—improvement of the methodical and substantive bases 
for deriving communal environmental policy objectives 
and for the development of planning, assessment and 
decision-making aids. 

Also needing development in this context are the technical 
requirements for currently hardly tested interdisciplinary 
cooperation among natural sciences/ecology and economic 
and social sciences. Concurrently, academia and the real 
world are required to test realistic implementation strate- 
gies oriented towards the conditions of the communal 
personnel and financial framework and simultaneously 
consider the needs and individual contributions of urban 
dwellers. Also to be pointed in this connection are legal 
loopholes for preventive and rehabilitative environmental 
protection. 


The support concept is realized in three to five combined 
projects that are to be joint set up by academia and the real 
world in appropriate model cities/regions. The following 
themes are presently in process: “optimization of the water 
cycle in urban regions and industrial landscapes,” ““ecolog- 
ically friendly mobility” and “strategic solutions for eco- 
logically friendly surface exploitation.” 


Biotope and Species protection 


For more than a century species have been disappearing at 
a faster and faster rate and a growing loss of plant and 
animal biotope has been registered. 


It is therefore necessary to protect and preserve biodiver- 
sity by preserving,. reacquiring and continuing to develop 
conservation areas, limiting the parceling and carving up 
of biotopes and—as far as possible—recovering them and 
coordinating plans for exploitation containing conditions 
to accommodate nature, i.e., to implement current exploi- 
tation activities in a nature-friendly manner by consider- 
ation for the local conditions at the site. As for landscapes 
marked by human exploitation, the point is not to repro- 
duce a historical situation, but rather redevelopment of the 
cultural landscape to include sufficiently large areas with 
undisturbed natural development. Hence, not only should 
protected areas be created but also concepts developed for 
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ecologically friendly exploitation. This is a differentiated 
process for which much of the scientific groundwork is still 
missing. 


In 1990, on commission from the BMFT, the university of 
Stuttgart, including many experts, embarked on a compre- 
hensive inventory, analyzed the status of the research and 
noted gaps in the research®. The resulting support concept 
“biotope and species protection” was designed to be 
results oriented and should improve conservation plan- 
ning. In it measures to protect the biotope are a prerequi- 
site for preserving biodiversity. Research results should 
contribute towards preparing specific activities for polit- 
ical action. As a result, too, a contribution was made to the 
convention on biodiversity signed in Rio in 1992 by the 
federal government. Besides the BMFT, the BMU and 
BML took part in the framework of their departmental 
research in rectifying the research gaps. 


An example of BMFT support activities in this sector is the 
combined project “ecosystem system management of low- 
lying marshlands.” Through interdisciplinary cooperation 
(hydrology, marshland science, study of vegetation, 
zoology, the science of grasslands) that combined project 
has come up with insights into the water system and on the 
basis of thai developed ecosystem management concepts 
for the primary goals of agricultural usage (extensification) 
and transferal to conservation areas. 


Tropical Ecology 


In the federal government's 4 April 1990’ tropical forest 
report it was determined that there is still a need for 
considerable research on numerous issues of forest preser- 
vation and an ecologically appropriate management of 
forest resources. Within the framework of their responsi- 
bilities such research activities are supported by the BMFT 
and the Federal Ministry for Economic Cooperation and 
Development (BMZ). Both jurisdictions agreed to pool, 
link and conceptionally coordinate with one another their 
activities in the area of tropical forest research having an 
applied orientation. The objective and thematic focus of 
the BMFT/BMZ activities are complementary. The foci of 
both programs especially are on the Amazon region and 
the tropical coastal forests (Mata Atlantica). 


With its support activity “studies on human impact on 
forests and flood plains in the tropics (SHIFT),” the BMFT 
supports German-Brazilian cooperation for tropical forest 
research’®. 


In addition to the referenced regions (Amazon and Mata 
Atlantica) there is a research focus on the Pantanal. 


In its field of activity for “support for tropical forest 
research having an applied orientation,” the BMZ finances 
the following thematic foci: scientific forestry accompani- 
ment of natural forest management and reforestation mea- 
sures, developing tradition forest knowledge, identifica- 
tion, development and marketing of new forest products 
and measures for agrarian forestry in previously developed 
and deforested areas. 
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International institutes under CGIAR that are involved 
with forestry issues are also supported. In this connection 
the federal government attaches special importance to the 
founding of the Center for International Forest Research 
(CIFOR) in Bangor, Indonesia, that will deal exclusively 
with tropical forest research responsibilities (cf. part V, 
para 2.10). 


Research on Damage to Forests 


In recent decades interdisciplinary cause-effect research 
has pursued various hypotheses to explain new types of 
forest damage concentrated at selected sites. Under the 
purview of the BML focal point work is being done in this 
field too by the federal research institute for forestry and 
lumbering in Hamburg. 


Current research results from the many projects supported 
by the federal government—the BMFT, BMU and BML, 
in particular—and the laender clearly demonstrate that 
specific stress factors alone are not decisive as the causes of 
such damage. Rather, it is a disease-complex whose causes 
are temporally and locally conditioned. Air pollution plays 
a major role in it. It was also possible to demonstrate that 
trees have a considerable capacity for regeneration after 
natural and anthropogenic stress situations’. 


The originally planned shifting of the BMFT’s support 
activities from forest damage research to forest ecosystem 
research (see ecosytem research) was deferred for several 
years because of important research activities in the new 
laender. Two research foci here having a long tradition are 
being continued: the forest ecosystem research in Eber- 
swalde (forests in the lowlands of northeast Germany) and 
Dresden TU’s “Erzgebirge reforestation project” (model 
restoration of damaged monocultures to naturally mixed 
stocks). 


A rather sizable project is being supported through U.S.- 
German cooperation exploring the connections between 
“new types of forest damage” and soil-water chemistry in 
forested water catchment areas. Also, especially in coop- 
eration with France, combined projects are being imple- 
mented under the EUREKA project EUROSILVA; Ger- 
many’s EUROSILVA secretariat is located at the GSF 
research center for environment and health (GSF, cf. part 
VI, sect. 3.2.9). 


It is planned in the future definitively to reduce concen- 
tration on forest damage research in the problem area of 
“airborne input of nitrogen compounds” including their 
impact and appropriate countermeasures. Also being 
emphasized in that connection are smaller projects with an 
interdisciplinary methodology and an ecosystem research 
approach. Besides project support, research on this theme 
has been institutionally anchored in the interim and even 
focally in the federal research institute for forestry and 
lumbering in Hamburg under the jurisdiction of the BML 
(cf. part V1). 


Bilateral tropical forest research is given under “tropical 
ecology.” 
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Soil Research 


Soils have manifold functions. They help to regulate the 
water and matter cycles, support the production of agri- 
cultural commodities and serve as biotopes and economic 
areas. Such functions that are important for humans are at 
risk from numerous uses and demands on the areas on one 
side and on the other side from the considerable pollution. 
In all terrestrial ecosystems the continued impairment of 
the soil’s function in the natural economy impacts other 
compartments of the ecosystem and puts them at risk. The 
manifold functions of the soil, its need ‘or protection, the 
demands for exploitation targeted on it and the resulting 
risks determine the tenor of research on soil protection. 


Research foci on erosion processes, soil compaction and 
nitrate pollution (overfertilization) have been mostly con- 
cluded. The results were presented at a status seminar in 
1990'°. Studies are being continued on soil and under- 
ground water pollution by organic substances, e.g., overuse 
of pesticides and by the spreading input from traffic and 
industrial processes. Demanding special attention are the 
processes of substance migrations in the soil, in particular, 
also the transfer of substances into the food chain that ave 
quesiionable ecologically and in health terms. Still 
requiring better explanation in the case of soil pollution 
are the issues of the spatial and temporal effects of contin- 
uous changes on the buffer systems, on soil components 
themselves and on the soil’s biotope properties for forest 
and other nature-friendly ecosystems. The core of the 
BMFT’s project support activities continues to be a grasp 
of the conditions, structures and processes that qualify the 
soil as an integra! component of earth's ecosystem with its 
energy and matter cycles, to regenerate itvelf even when 
polluted and to effectively preserve itself. 


Urban soils constitute a special problem (also see “urban 
ecology”). Characterizing them and understanding the 
processes controlling them constitute a new focal point. 
The goal is to offer decision-makers ecologically founded 
recommendations for action for environmentally-friendly 
surface use. 


One special concern in all soil research support activities is 
to process the results so that they can be included in 
environmenta! information systems for direct use. 


One focal point tailored to specific problems of the new 
laender of Saxony, Saxony-Anhalt and Brandenburg was 
included in the support with the complex theme of “post- 
mining landscapes.” The goal of the support activities is to 
develop designs for optimum systems for mining residue 
lakes and for including ecologically priority areas in the 
dump landscape as well as to study the runoff of substances 
from the slag dumps into the ground water to assess 
possible risks and develop remedial actions. 


Ecology of Bodies of Water 


Standing and running surface waters and ground water are 
parts of nature and the landscape. They stand in diverse 
interrelationships with their environment. Ultimately, via 
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the oceans, they are linked to the water economy of the 
entire biosphere through their participation in the natural 
water cycle of evaporation, precipitation and runoff. 


The goal of ecosystem oriented water research in the focal 
point of the ecology of bodies of water'' is to lay the 
scientific groundwork to 


—continue to develop existing processes for assessing 
water quality (running, standing and ground water) by 
considering other physical, chemical, biological, naturai 
and economic aspects, 


—assess the ecological impact of water uses (agriculture, 
forestry, fishing, industry/business, residential, trans- 
port, leisure/recreation, water ma.iagement) and mea- 
sures to scale back water pollution, 


—elaborate strategies for rehabilitation, creative designs 
and nature-friendly development activities and crait 
recommendations for action by way of example. 


Small streams are at the core of the support activities.'? 


Important natural functions of streams include: mitigation 
of flooding, exchange between ground and surface water 
and self-purifying function. Traditional water develop- 
ment and certain uses of catchment areas, however, have 
contributed significantly to the loss of typical water species 
of plants ana _ ‘mals. That is why the focal theme “model 
elaboration of an ecologically grounded concept for reha- 
bilitating small streams” was redeveloped in 1990. After 
Hunte, Vils, Lahn and Stoer, two other projects for rivers 
were incorporated in the new laender, Warnow in Meck- 
lenurg/Vorpommern and Ilm in Thuringia. The following 
research goals are uppermost for standing waters: 


—the impact of fluctuations in dam levels on the water 
situation of reservoirs, 


—the long-term stability of the substance economy and 
biological processes in standing water ecosystenis, 


—the ecological assessment of the transfer of matter and 
energy by microorganisms in lake ecosystems. 


These responsibilities are mostly accommodated in the 
context of institutional support. The recently founded 
Institute for Water Ecology and Inland Fishing (IGB) in 
Berlin has a focal point in this (cf. part VI, chap. 4, nr. 26). 


With the accession of the new laender new problems and 
respons. vilities have emerged for water research and reha- 
bilitation in the FRG. Massive removals of brown cual 
have resulted in giant cavities (holes left after mining) that 
gradually fill up with ground water. Special basic precau- 
tions have to be created for managing the water quality of 
those ponds, some of which are deep and large. Solutions 
also have to elaborated for the problems of some other 
highly polluted standing waters including reservoirs in the 
new laender. 


The Institute for Water Research, a branch of the GKSS, 
founded in Magdeburg and the IGB deal with this them in 
terms of institutional research (also see part Vi, para 3.2). 
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Pollution of Humans and the Environment by 
Chemicals and Other Environmental Factors 


The hallmarks of modern industrial societies are the 
manufacture and use of chemicals. In addition to their 
manifold uses, however, they may be a threat both to the 
health of individual persons and the functionability of 
entire ecosystems in whose matter and energy cycles 
humankind in turn is integrated 


The aim of ecological research is to improve the substan- 
tive and methodological bases for risk assessment of envi- 
ronmental chemicals for humankind (environmental pol- 
lution and health focal point) and for plant and animal 
populations, their communities (biocenoses) and entire 
ecosystems (ecotoxicology focal point) and to develop 
processes facilitating practical implementation of scien- 
tific knowledge, above all, in (environmental) legislation 
(e.g., chemicals law, federal conservation law, pesticides 
law). Other environmental factors, too, are being studied, 
e.g., the impact of increased UV-B radiation. 


Research activities on this cluster of themes are imple- 
mented on the basis of foci under the BMFT’s institutional 
support. Especially noteworthy here are the GSF Research 
Center for Environment and Health GmbH and the Envi- 
ronmental Research Center (UFZ), Leipzig-Halle (cf. part 
VI, chap. 3). 


Ecotoxicology 


Given the plethora of potentially hazardous environ- 
mental chemicals, comprehensive studies on the source, 
transport, conversion and residue, exposure of organisms 
and impacts under a single focal point are not feasible. 
Ecotoxicology, therefore, basically relies on the insights 
from other ecological research support foci (especially 
ecosystem research, soil research, ecology of bodies of 
water) that are based on actual field study conditions in 
their selection of materials (e.g., primary foodstuffs, heavy 
metals, pesticides and organic compounds in landfiils/ 
dumps). 


It is the responsibility of ecotoxicology in this context to 
develop and review general methods and test strategies to 
better be able to assess and judge the risks arising from 
environmental chemicals for species, biocenoses and eco- 
systems. Institution research also makes major contribu- 
tions to this thematic sector; worth highlighting is the 
research focus “impact of environmentally noxious sub- 
stances on organisms” included in the GSF. 


The results and methods elaborated in the research focus 
are not only incorporated, e.g., in the advice of the 
guidelines for testing substances on the basis of parts seven 
and nine of the chemicals bill. Another area of application 
is environmental monitoring. In 1989, for example, a 
research project was launched for improving the moni- 
toring of the Rhine by using continuous biotesting pro- 
cesses based on current results. The research project is of a 
pilot nature for other rivers as well and is being realized 
with support from the BMU and the laender along the 
Rhine. The goal is the creation of a biological alert system 
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to be able to determine the causes and impacts of pollution 
from accidents more quickly and thoroughly (also see 
under cleanup of old pollution). 


Environmental Pollution and Health 


This support theme explores the origin, transformation 
and health relevance of environmental chemicals inputted 
into the environment from various sources of pollution, 
e.g., industry, traffic and private households and to which 
individuals are exposed directly or indirectly via pathways 
for pollution from breathing, skin contact or eating. Being 
studied are the types of substances released by individual 
sources of pollution, their composition, the amounts of 
them in the environment, whether they accumulate there 
or mutually influence their impact and whether they 
constitute a health risk for humans. 


Research support is concentrated on the following the- 
matic/problem areas: 


¢ allergies 

¢ impact of auto exhaust on health and the environ- 
ment 

¢ dioxin/furan in the environment 

¢ indoor air pollution 

* emissions from precious metals. 


Research activities are coordinated with the activities of 
other jurisdictions, among others, under a federal/laender 
DIOXIN panel and an INDOOR AIR ministerial panel. 


Biological Impact of Increased UV-B Radiation 


This portion of ultraviolet solar radiation is absorbed in 
the atmosphere by the so-called ozone layer in the strato- 
sphere. Ozone measurement programs conducted in past 
years on the national and international levels verify the 
reduction in stratospheric ozone, debating as the causes of 
it atmospheric pollution by anthropogenic substances like 
chlorofluorocarbons [CFC]. An increase, above all, in UV 
radiation (UV-B radiation) on the earth’s surface can be 
expected from the reduction in the stratophere’s ozone 
layer (in this respect see under research on global environ- 
mental changes). 


Mentioned in debates on possible impacts on humans, on 
the ecosystems and even on materials are, e.g., the increase 
in skin cancer and eye injuries as well as impairment of the 
immune system in humans, influences on biomass produc- 
tion and the composition of the contents of the earth’s 
ecosystems. The research targets of support activities so far 
have been, above all, cultivated plants and aquatic organ- 
isms plus yeast and mammalian cells. 


Other research includes physiological metabolic activities 
like photosynthesis and growth in cultivated plants, carbo- 
hydrate and nitrogen metabolism in marine phytoplankton 
and the photo-orientation of flagellates. Of general interest 
has been the clarification of possible types of impacts on 
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celis by UV-B radiation, the formation of protective pig- 
ments and cell repair mechanisms. Other research activi- 
ties are to be focused on a few leading projects. 


Total Computational/Statistical Information System of 
the Environment’s Economy for Soil Use 


The relations between economy and ecology are attracting 
more and more social and scientific attention. Information 
on interactions, pollution and countermeasures is impor- 
tant to be able to provide decision-making assistance for 
politicians and society (also see ecosystem research). 


In May 1989, the federal department of statistics, in 
connection with a hearing of the parliamentary committee 
for economy, initiated elaboration of a fundamental con- 
cept, appropriate classifications and a minimum publica- 
tion program for a total computation of the environment’s 
economy (UGR). The core of the UGR is, first of all, 
development of an updated information thesaurus cov- 
ering a plethora of data in the environmental economic 
field. Such a thesaurus will support different methods of 
analyzing the interactions between economic activities and 
the environment. The basis for such a system is the use of 
uniform definitions, concepts and classifications. The 
majority of the information in the environmental sector 
consists of dimensions and measurement results in phys- 
ical units; in so far as possible, a monetary assessment is 
being endeavored. But—as preliminary activities indi- 
cate—there are still special difficulties here. 


The current concept stipulates organizing the UGR system 
in a reporting and an analysis component. Ten building 
blocks are currently envisioned for the Statistical 
Reporting System on Environmental Economy (STUBS); 
these include primarily resource consumption, emissions 
model, location and disposal of emissions, other uses, 
immissions, environmental protection measures. Modular 
development was opted for to have the possibility under a 
flexible system of giving priority to individual building 
blocks and adding new ones. The host of theoretical and 
practical problems makes an interdisciplinary research 
approach inevitable. This research sector stringently 
requires new methods and methodologies since included in 
the UGR, in addition to socio-economic data, are, above 
all, environmental information relating to different areas. 


In the spring of 1990 the BMU appointed an advisory 
council on total computation of environmental economy 
to support constructive and critical accompaniment of the 
activities of the federal statistical department. The nucleus 
of the advisory council consists of economic and financial 
scientists and has now issued a preliminary statement 
noting methodological and conceptual problems in partic- 
ular and proposing elements of an active program to 
resolve such problems. The advisory council will add 
scientists from other disciplines for its further activity. An 
accompanying group has also been subordinated to the 
advisory council that may include economic and social 
groups in the activities on total computation of environ- 
mental economy. 
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In this connection the Statistical Information System for 
Soil Use (STABIS) will assume a decisive role. STABIS is 
a so-called geoinformation system, i.e., a database in which 
spatial data are stored via their cartographic coordinates. 
Special software enables processing and analyzing such 
data. STABIS was successfully tested under a pilot study 
commissioned by the interministerial committee for sta- 
tistical coordination and streamlining (IMA-statistics). 


STABIS’ primary goal is providing a database inventory of 
current and differentiated soil use data. Those are acquired 
from an assessment of aerial imagery and topographical 
maps. 


STABIS is capable of jointly processing spatial data and 
analyzing their interactions. This makes it possible to 
study at the expense of which current soil uses future 
planned soil uses should be realized or which soil uses may 
constitute potential for conflict in terms of simultaneous 
identification of nature conservancy or water conservation 
areas. These few examples show the importance of the 
STABIS geographic data system as a basic tool for ana- 
lyzing the complex interactions of spatial data in the 
context of total computation of environmental economy. 


Over the medium term there is a need for research associ- 
ated with STABIS, first, the inclusion of satellite remote 
sensing data in the research concept and, second, the 
effectiveness of automated classification processes for the 
interpretation of aerial imagery. 


Environmental Technologies 


Official support for innovative environmental protection 
technologies first pursues the goal of developing methods 
and processes to avoid future environmental pollution and 
of cleaning up existing environmental pollution and 
second, of realizing a situation of reliable technology to 
serve as the basis for the legislator to enact effective 
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environmental legislation. Through a dynamic process the 
technological situation in this connection should be ele- 
vated to a level that enables an increasing alignment of 
environmental policy with ecological objectives. 


Official support, for reasons of preventive action for an 
ecologically intact environment and the health of the 
population, is offered above all where market forces are 
inadequate set development in motion on its own. Based 
on the results of cause-effect research, prototype develop- 
ment of environmental protection technologies helps 
avoid, minimize, stem and repair environmental pollu- 
tion. In contrast to the earlier strategy of a sectoral solution 
of individual problems primarily through reactive cleanup 
activities, increasingly topping of the list are holistic, 
all-medium approaches entailing control and regulation of 
the substance flows and closing of substance cycles. 


Low-Emission Technologies and Products 


Throughout all phases of the life-cycle of manufactured 
goods, from obtention of raw materials through processing 
to product consumption and disposal, the environment is 
polluted by a spate of pollutants emitted into the air, water 
and soil. 


The reduction of pollution emissions in industrial pro- 
cesses may be realized through a process-reactive (second- 
ary) cleanup. Developed processes are as a rule easily 
integrated into the production process. Therefore nearly 
80 percent of all environmental investments are allocated 
to such reactive cleanup systems. 


Ecologically and frequently even economically more 
advantageous, however, are measures for avoidance “at 
the source.” Through new or optimized production pro- 
cesses, through substitution of the materials used, through 
a rational and economical use of energy at all stages of 
energy supply it is possible to keep harmful pollutants 
from arising in the process or the product, entirely or in 
smaller amounts. But development and introduction of 
such low-emission technologies occasionally entail high 
costs and therefore burden the company with economic 
risk. Small and medium-sized enterprises [SME] therefore 
often need support in the development of new low- 
emission production processes and products. Included in 
this connection too is the determination of basic knowl- 
edge through research with a practical bent. 


The ecological objective of R&D support in the area of 
environmentally and resource friendly technologies and 
products is, above all, the avoidance or reduction of 
especially high loads of pollution and of pollutants that are 
hard to eliminate or that cannot be eliminated and sec- 
ondary measures in this context often leading to shifting of 
emissions. 


In the past therefore especially polluting branches of 
industry and the most environmentally polluting steps in 
the process there were identified aiid exemplary solutions 
supported. Current thematic foci include reduction 
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—of heavy-metal emission in the coating of metals and 
production of leather 


—of high loads of pollutants in the effluents of the food 
and beverage industry (especially oxygen-depleting pol- 
lutants) and the textiles industry (synthetic sizing 
agents). 


Moreover, since 1989, there has been support for reduc- 
tion of emissions from volatile organic compounds (VOC), 
primarily, halogenated hydrocarbons like CFC, and since 
1991, of halogen-free organic compounds that are used in 
large amounts as solvents in painting, printing and gluing. 
VOCs contribute significantly to the load of airborne 
pollution and are joint causes of ozone depletion and the 
greenhouse effect. In this sector alone there are now 56 
projects that have been initiated, organized basically into 
five major groups and entailing a support volume of 
approximately DM42 million. The knowledge gained so 
far makes it possible to anticipate that the limits on 
increases in the legislation outlawing CFCs and halon can 
be upheld and now and then it may be possible even to fall 
below them. 


The considerable environmental pollution in the new 
laender and the consequent need and also the opportunity 
to introduce environmentally friendly production pro- 
cesses there in short order have led to a high number of 
approvals in this regard for the new laender. In this context 
special value was placed on cooperation with partners in 
the original laender. 


Also taken into consideration, as far as possible, in the 
support activities was the ability to reinsert into the 
production cycle waste materials inevitably accruing 
during production and the application of other available 
materials not currently being used. Through a broad sys- 
tems approach, the inclusion of comprehensive materials 
flows and process steps additional reductions in environ- 
mental pollution can be realized. Specific approaches are 
available for production, product and materials develop- 
ments, especially in the waste sector, in which, as a result 
of closing materials cycles, there is a sizable potential for 
easing environmental pollution and economizing on 
resources. 


Waste Recycling and Disposal 


According to the last survey by the federal statistics 
department (1987), nearly 230 million t of waste and 
residue are piling up each year in the FRG, almost 90 
percent of it from the manufacturing sector. Decreasing 
landfill space, declining acceptance of the creation of new 
waste management facilities and the urgent need to avoid 
new scrap pollution are forcing a clear reduction in the 
emergence of this type of waste. 


But even resorting to all the potential for avoidance, even 
in the future wastes will arise that will have to be recycled 
or disposed of. Although the recycling ordinance is estab- 
lished in waste legislation, there are still no technological 
solutions for recycling a large number of wastes. In order to 
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be able to comply with the demands of the waste legislation 
therefore, strategies and technologies for recycling and for 
reuse have to be developed on a broad front. Still, even in 
the future, wastes will accrue that will have to be removed 
to landfills. In order for current and future landfills not to 
turn into dumps in the near and remote future, future 
landfills are being developed on the multi-barrier design, 
i.e., the waste to be landfilled forms the first barrier and is 
surrounded by other engineered and natural barriers. This 
makes high demands on prior treatment of the waste and 
on the barrier systems. Examples of successfully imple- 
mented R&D projects in the area of waste recycling are the 
processing of low acids from titanium dioxide production 
that rendered feasible the termination of low-acid 
dumping in the North Sea in late 1989 and also regenera- 
tion of used casting sands, recovery of solvents in metal 
scouring and in paint shops. Recycling processes were 
developed or improved for other kinds of waste like used 
paper and glass, rubbish, discarded batteries and cables, 
waste plastic, etc. 


Topping the list of problems associated with processes for 
recycling household and special waste are energy and raw 
material savings and recovery, avoidance of emissions 
transfer and reprocessing of the waste into usable eco- 
nomic goods. Technologies for reuse and continued use of 
used plastics and waste containing chlorohydrocarbons 
(CKW) and PCBs are supported. Moreover, processing of 
residue from metal production and processing is to be 
tested and implemented. Even studies on composting 
target the recycling of other waste segments. 


The support focus for waste treatment processes consists of 
activities for waste incineration, results from the project 
support sector and from which activities implemented at 
the KfK have helped enable passage of the strictest mea- 
sures for gaseous emissions in waste incineration with the 
seventeenth ordinance to the federal immission protection 
bill. On this basis R&D activities were implemented for 
improved flue gas scrubbing technology and for optimiza- 
tion of furnace engineering. Process engineering activities 
should especially help prevent the generation of pollutants 
(including dioxins). Concurrently being studied is 
increasing the availability, the effectiveness and the com- 
bined incineration of sludge and waste at incinerators. 


In past decades a non-environmentally friendly dumping 
of wastes led to a host of environmental problems. The 
focus of studies on environmentally friendly landfilling of 
waste materials therefore is, in the case of R&D projects, 
on natural geological barriers, the landfill subsurface and 
landfill sealing systems as technological barriers. Moreover 
the landfill itself is a target of research in order to better 
understand the processes occurring in it that hitherto have 
not been clearly viewed and taken into consideration in the 
structuring of new landfills. 


Cleanup of Dangerous Waste from the Past 


Dangerous waste from the past is the legacy of more than 
150 years of industrialization and a waste removal practice 
that up until the seventies gave no heed to the ecosystem. 
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Current estimates are based on total number of 180,000 
suspect areas in the original and the new laender. Of the 
130,000 areas suspected of dangerous paste waste cur- 
rently distributed throughout the FRG, 55,000 are situated 
in the new laender. Beyond polluted surface and ground 
water, areas suspected of dangerous past waste, especially 
in the new laender, constitute a hindrance to structural 
change since they are blocked from being developed eco- 
nomically or in terms of urban construction. 


The basic requirement for understanding, assessing and 
cleaning up dangerous past waste is reference values 
derived from toxicological and ecotoxicological criteria for 
all dangerous paste waste-relevant materials. 


In the framework of official assistance offered by the 
laender, the BMU commissioned a broadly designed 
research program that was realized for 76 priority mate- 
rials relevant to dangerous past waste. 


With the project “basic toxicology data for environmen- 
tally-relevant materials for a risk assessment of dangerous 
past waste,” concluded in 1992, comprehensive materials 
reports were submitted and toxicological reference values 
proposed. Also, a risk assessment model was developed, 
whose toxicological bases constitute the above indicated 
basic data. For the special case of paste dangerous arma- 
ments waste and ecotoxicological barriers to development, 
other research activities were initiated. As a result the 
bases were ensured for development of a uniform risk 
assessment system for dangerous past waste. Moreover, the 
basic toxicological data submitted have a fundamental 
importance in the development of supporting legal regula- 
tions in the framework of legislation to be developed for 
dangerous past waste and soil protection. 


The BMFT’s R&D support extends to the entire series of 
responsibilities for dangerous past waste, from under- 
standing it and risk assessment to rendering dangerous 
past waste safe and cleaning it up. In recent years the 
primary goal of the research focus for the cleanup of 
dangerous past waste was the practically justified develop- 
ment and optimization of chemical-physical, biological 
and thermal cleanup processes. Under a focus “model 
cleanup of dangerous past waste” launched in 1989 a total 
model cleanup of selected dangerous past waste is envi- 
sioned with various cleanup techniques to be tested in 
practice especially in the combined process. Out of more 
than 100 proposed cleanup projects, 8 projects were 
chosen and supported for the period 1990-1995 with more 
than DM92 million. They consist of a former steel mill 
property in Saarbruecken, a gas plant in Munich, a dan- 
gerous past armaments waste in Stadtallendorf and chem- 
ical recycling outfits in Berlin and Hanover, the property 
of a battery factory in Hanover, a machinery plant in Konz 
and a dump in Stade. In the interim the invitation for 
tenders was also expanded to the new laender, with 
develop and testing of cleanup processes for industrial sites 
to be supported for mercury pollution on the property of 
Buna AG and the copper mill of Ilsenburg and for the 
“Grosse Hoelle” dump in Zichow. 
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The focus in the new laendex also was on development of 
processes for understanding and recognizing dangerous 
past waste especially in the Halle-Bitterfeld area, the 
elaboration of cleanup concepts and innovative cleanup 
processes for mill sites from the Freiberg area and for 
chemical industry sites. 


Ecological Cleanup and Development Program 


The new laender are burdened with an enormous environ- 
mental handicap. For this reason the core of environ- 
mental research for the new laender consists of protecting 
human health, a comprehensive inventory of the environ- 
mental situation and development of ecological cleanup 
concepts. 


In the elaboration of cleanup and development programs 
required by the unification treaty, cleanup concepts for the 
Leipzig/Bitterfeld/Halle/Merseburg area, for the land of 
Mansfeld, the brown coal region of Niederlausitz and 
Greater Rostock constitute the total regional framework 
for a large number of activities wherein ecological renewal 
in the new laender is generally undertaken. Tangentially, 
medium-related studies, e.g.. on the effluents situation, 
drinking water supply and ground water quality as well as 
on understanding dangerous past waste are being imple- 
mented. 


Cleanup and development strategies have to simulta- 
neously be directed at models and goals for environmen- 
tally friendly development of the area. Ecological planning 
bases are being elaborated for the Baltic Sea coastal region, 
the countryside around Berlin and the Erzgebirge as well as 
for definition of socio-economic and tourist quality goals 
for large conservation areas on the example of Mecklen- 
burg-Vorpommern. Harmonization of ecological and eco- 
nomic interests is being striven for. 


The German-U.S. cooperation existing since April 1990 
for cleanup of dangerous past waste has as its goal a 
comparison of the different procedures in managing dan- 
gerous past waste problems specific to the laender, facili- 
tation of technology transfer and improvement and uni- 
formization of quality assurance. As a result of the bilateral 
cooperation accompanying studies in this connection were 
implemented and assessed on each of six German and U.S. 
projects each based on the cooperating partner's standard. 
On the basis of the first concurrently conducted studies, 
significant indications have now emerged for practical 
cleanup of dangerous past waste. 


Water Research and Technology 


Between 1990-1992 the focus of BMFT support in the 
water technology sector lay in initiating projects in the new 
laender. The following objectives prevailed: 


-Rapid improvement of the drinking water supply espe- 
cially drinking water quality through 


¢ clarifying and conceptualizing cleanup of pollution 
sources, 
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¢ demonstration of modern processing technologies 
appropriate to the especially polluted situation, 

e development of processes to remove continuous 
inputs of pollutants into the untreated water (ground 
water, coastal filtrate, reservoirs) from dangerous past 
industrial waste, especially conventional mining, 
obtention of uranium ore and the chemical industry. 


—Inclusion of projects in the new laender in support for 
“environmentally-friendly liquid manure processing for 
controlled recycling of the contents and residual liquid.” 


—Extension of support for “environmentally-friendly 
technologies for cleaning up leaky canals” in the area of 
the new laender. 


In the original laender the primary emphasis was on 
support in continuing to conduct interdisciplinary com- 
bined projects and broadly construed support foci (lead 
projects) with the goal of improving knowledge and the 
technological situation for realizing and supporting envi- 
ronmental policy activities in the interest of protecting 
bodies of water. Those include: 


—RA&D projects for integrated elimination of biological 
phosphates and nitrogen from municipal waste water 
treatment, 


—development and demonstration of modern technolo- 
gies for solving environmental problems that could lead 
to water pollution (sludge, liquid manure, leaky waste 
water canals), 


—characterizing, prognosing and balancing widespread 
pollution inputs especially from agriculture, the atmo- 
sphere and flooding of traffic-bearing surfaces, in sur- 
face waters and in the ground water that are used as 
untreated water for the drinking water supply. 


For integration of research potential in the new laender the 
endeavor was to have as many projects as possible imple- 
mented jointly by partners from the new and the original 
laender; that included 70 percent of the projects (com- 
bined projects, tandem projects) initiated in 1991 and 
1992. 


The following support activities deserve to be highlighted: 


—combined project on “safety of the drinking water 
supply in shock pollution following incidents on the 
Rhine from riverbank filtrate” 


The results of the combined projects were submitted in late 
1991 at a public colloquium to water management experts. 
The goal was quantification of the risk to the drinking 
water supply from the Rhine through shock pollution 
following incidents and accidents like the Sandoz accident. 
The chief result of three years of study on six water plants 
and five research institutes is the finding that shock 
pollution in riverbank filtrate formulations arrives only 
greatly mitigated (so no immediate shutdown is needed) 
but the pollutants may surface in untreated water in 
measurable concentrations over a long period of time. 
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After applying the ordinary processing techniques at the 
water plant there is no need to fear a risk to individuals 
from the drinking water. 


—lead project for “environmentally friendly processing of 
liquid manure via recycling of the contents” 


Nearly 20 R&D projects have been approved, seven of 
them in the new laender. Five projects are demonstration 
facilities, two of them in the new laender. The primary 
objectives include: 


* total processing of the liquid manure to yield liquid or 
dry manure concentrates (more storable, transport- 
able and easier on plants) that facilitate use of recov- 
ered nutrients independently of location and time the 
liquid manure is accrued, 

¢ thorough elimination of nutrients from the liquid 
phase so that the residual liquid manure can be used 
for irrigation in areas of low rainfall or introduced 
into drains without problems. 


—lead project for “environmentally friendly new technol- 
ogies for detecting and cleaning up leaky waste water 
canals,” 


extended to the new laender in late 1991. In the original 
laender, in an initial phase, by the end of 1992, 20 project 
were initially approved entailing a support total of nearly 
[ca.] DM25 million for a total cost of DM40 million. 


—improvement of the new laenders’ drinking water supply 


As early as the end of 1990, four major R&D projects had 
been initiated or planned for the purpose of contributing in 
the form of demonstration water plants an example of 
improved water quality in the new laender: Halle-Beesen 
waterworks ‘heavily polluted Saale riverbank filtrate, ca. 
375,000 residents, 14.9 million allocation, DM42.7 mil- 
lion total cost); Coswig bei [b.] Dresden (removal of 
nitrates and CKW from ground water, 40,000 residents, 
DM7.6 million allocation, DM15.2 million total cost); 
Magdeburg-Barby waterworks (polluted Elbe riverbank 
filtrate, ca. 40,000 residents, DM2.0 million allocation, 
DM3.4 million total cost); Chemnitz waterworks (acidified 
reservoir water, DM1.0 million allocation, DM1.6 million 
total cost). In Halle and Magdeburg, in the context of 
previous BMFT projects, processes that had been devel- 
oped and already proven were adapted to the circum- 
stances of the Elbe and Saale. Total BMFT allocations for 
all of the five waterworks projects and three concomitant 
R&D projects amounted to nearly DM32 million for a 
total cost of DM70 million. 


—R&D project on the Elbe and Elbe tributaries for 
cleanup of the Elbe system (Elbe lead project) 


Because of water protection under the GDR regime, inad- 
equate by West Germany standards, sources of pollution 
arose that continue to have an impact (ground water 
contaminations, mining tailings effluent, water sediments) 
and that will continue to have an impact even after cleanup 
of the waste water situation and can be eliminated only 
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over the medium term. To assess the quantity and quality 
of Elbe system pollutants, especially heavy metals in the 
sediments, but also organic pollutants, an Elbe lead 
research project was defined to study the southern tribu- 
taries (Freiberg and united Mulde, Pleisse, Saale etc.) and 
the northern tributaries (Havel, Spree) and the Elbe itself. 


Initial results indicate that just in the ““Muldenstein” pond 
resulting from strip mining, 1,000 tons of toxic metals 
have accumulated in addition to even larger amounts of 
toxic organic pollutants! The initial phase entailed six 
component projects having a total allocation of DMS.3 
million with three partners each from the western and 
eastern laender. The combined project was launched in 
mid-1991. The second phase starts at the end of 1992 with 
a total of 10 component projects. 


Coastal Waters and the High Seas 


Once it was possible to conclude the development of 
processes and equipment successfully to cope with oil 
spills, research currently is being done on the types of 
additional R&D measures required to locate and salvage 
chemicals that are sinking or have sunk as a result of an 
accident. 


Realization of a so-called second-generation modern 
system of sensors for aircraft-based monitoring of the 
North Sea is now in the final phase. The sensors used in it 
(laser fluorosensors and microwave radiometers) facilitate 
rapid and reliable detection, measurement and classifica- 
tion of oil, chemical and other ocean surface pollution. 
Analyses of tests conducted, e.g., on oil types and scientific 
comparison with tests on crude oil enable pursuing viola- 
tions of environmental laws. In this way it is possible more 
effectively to monitor and implement respect for existing 
rules and regulations to protect the ocean. 


Contracts were also let for research to develop a salvage 
vessel that can be used effectively also for spills of other 
pollutants besides oil and for development of a Computer- 
Assisted Maritime Mishap Management System (REMUS) 
to optimize the effectiveness of salvage activities. 


Air Purification 


Elimination of sulfur dioxide, nitrogen oxides and partic- 
ulates from exhaust gases has realized a high level of 
technology among large emitters (power plants and motor 
vehicles). But there is still a sizable need for new technol- 
ogies to remove organic airborne pollutants and those 
containing heavy metals, especially in small volume flows 
of a large number of small emitters (VOC, highly toxic 
trace pollutants, fine particles). Appropriate R&D projects 
are being supported in the area of catalytic, thermal, 
absorptive and biological purification processes. The 
attention of the support projects is on keeping pollution 
from shifting from being airborne into waste water or 
material, instead reinserting the pollutants into the pro- 
duction process or decomposing them and converting 
them into harmless substances. 
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Available measurement and analysis processes point to 
gaps still existing for the current challenge of effective 
purification of waste air, especially in the case of organic 
pollutants and fine particles. For this reason, new and 
improved processes, above all for continuous measure- 
ment, are being developed for analysis and monitoring of 
airborne pollution and that can be used selectively, with 
sufficient sensitivity and in broad practical applications. 


Safety Research and Safety Engineering 


Heated debate over major engineering risks and potential 
risks are an expression of a growing awareness of the 
problem. Major engineering damage, natural and environ- 
mental disasters in recent years have helped raise public 
attentiveness. 


The federal government views dealing with the risk and 
safety issues of conventional and of new technologies as an 
important responsibility. It intends to contribute towards 
understanding technological developments in their link- 
ages and impacts, assessing their opportunities and risks 
and justifying decisions made on the use of technologies. 


The goal of current support for safety research and engi- 
neering is to help 


—expand knowledge of the origin and progress of inci- 
dents and accidents in technological facilities and sys- 
tems, 


—plan, build and operate safer facilities, 
—continue to develop safety systems, 
—reduce human influence as possible causes of error. 


Primary research targets include facilities for production, 
processing, storing, transfer and transport of toxic and/or 
explosive materials; and all other technological systems 
representing potential risk for the population and the 
environment. Examples include earthen dams (dikes, res- 
ervoirs) and superstructures (bridges, high rises). 


Support activities are organized into 


—avoidance of incidents (risk analyses, human and 
machine/facility interaction), 


—limitation of incidents (preventive fire and explosion 
protection, safety engineering to help prevent incidents) 
and 


—disaster control. 


Significant results are available from R&D projects that 
have now been concluded on storage and transport of 
dangerous materials, e.g., liquefied gases and on the spread 
of toxic and/or combustible heavy gases. The results have 
led to improved safety regulations and as a ‘esult to fewer 
threats from heavy gases. Current R&D projects in coop- 
eration with major chemical industries and university 
institutes in the area of chemical process engineering are 
studying numerous processes entailing the release of heat 
that could release combustible and/or toxic gases in an 
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incident (Saves and Bhopal incidents) for the purpose of 
recognizing and controlling incipient incidents and thus 
preventing a “completion” of the reaction. 


Construction safety constitutes another focus currently 
having as themes: safety of concrete constructions vis-a-vis 
environmentally risky materials and, especially given the 
current situation of the new laender, safety of dams and 
structures entailing specifically recognizable safety risks 
for which design documentation is no longer available. 


Since the end of 1990 priority safety problems in the new 
laender have been tackled with ca. 30 percent of funding 
for all current projects presently used for this purpose. 


There is direct international cooperation with Norway and 
Finland and via EC and EUREKA projects with numerous 
other European states, all of them trending upward. 


The federal government is currently redetermining the role 
of safety research and engineering in its R&D policy. 


Civil Defense Research 


The federal ministry of the interior is supporting research 
in the field of civil/disaster defense with the goal of 
maintaining and further developing concepts, strategies 
and the development of necessary engineering systems on 
the latest scientific and technological level. 


The defense commission formed at the BMI advises the 
federal minister of interior on recognizing the need for 
research and placing research contracts. Research results 
are published in the “civil defense research” serial publi- 
cation. 


Climatic and Atmospheric Research 
Research on Global Environmental Changes 


A definite turnaround has occurred in recent years in the 
way changes in our environment are viewed. It has become 
clear that there is only a single global “earth system”: the 
effects of depletion of the ozone shield in the stratosphere, 
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the disappearance of tropical rain forests, climatic changes 
caused by warming of the earth and its pollution impact all 
countries, all peoples. 


Aware that human influences can no longer be viewed as 
negligible compared to natural influences on the environ- 
ment in many sectors, the need arises for environmental 
research to realize the following responsibilities: 


—integration of extremely diverse directions of scientific 
research (e.g., climatic, atmospheric, ocean, polar 
research) in the direction of overarching problems, 


—Combining ecological insights into a single holistic view 
for a comprehensive model of the cycles included in the 
“earth’s system,” 


—=incorporating the aspect of the socio-economic conse- 
quences of environmental changes, 


—converting ecological knowledge into recommendations 
for framing and developing environmentally friendly 
technologies and products, 


—development of partnership cooperation in the interna- 
tional sector, especially with third-world countries. 


This means that current approaches to environmental 
research, ecological problems, e.g., damage to the forests, 
soil acidification, chemical processes in the atmosphere 
have to be studied in detail and pursued in order to obtain 
an improved understanding of the processes. But interdis- 
ciplinary and international cooperation in research also 
has to be significantly enhanced in order to realize the 
interlinkage of current individual approaches. 


The “flagships” of global change research are the two 
programs, the International Geosphere-Biosphere Pro- 
gram (IGBP) and the World Climate Research Program 
(WCRP) that have been expertly defined on the basis of 
intensive international scientist consultation. After adop- 
tion by the appropriate international groups, they now 
represent a compulsory framework for activities to be 
introduced by individual groups of researchers. The 
United Nations Environmental Program (UNEP) has des- 
ignated a group for international ozone research (Coordi- 
nation Committee on the Ozone Layer—CCOL) to rou- 
tinely assemble and assess the most recent scientific status 
of knowledge on ozone problems as well as to integrate 
current and planned scientific activities. In Great Britain a 
secretariat was set up to improve coordination of national 
and EC-financed ozone research activities in Europe. As in 
other international programs, participation of national 
scientific groups is done through national financing. Ger- 
many actively contributes to both programs over and 
beyond its own research support. 


In April 1992 on the national level the federal government 
appointed a “scientific advisory council on global environ- 
mental changes” having as its responsibility submission of 
an annual report on the status of global environmental 
changes and their consequences. The advisory council, 
initially jointly in overall charge with the BMFT and BMU 
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of two departments, is also to come up with pointers for 
avoiding and eliminating faulty developments on the basis 
of analysis of all of the latest research results. 


Atmospheric Research 


The consequences of atmospheric pollution—e.g., closer to 
the surface, damage to forests , damage to materials, 
impairment of human health and, higher up, depletion of 
the stratosphere’s ozone layer—require a clarification of 
the physical-chemical processes of trace materials in the 
atmosphere. Besides small-area and regional loading, the 
supraregional spread of pollutants and their transforma- 
tion-reactions while being transported need to be studied. 
A special target in this respect too is the elimination of 
human trace materials to balance the pollution cycle and 
obtain validated data for effective research (see above, 
ecological research). 


In this sector BMFT support foci include: 


—the EUREKA European Experiment on Transport and 
Transformation of Environmentally Relevant Trace 
Materials in the Troposphere Above Europe (EURO- 
TRAC) project exploring the transport and transforma- 
tion of environmentally relevant trace materials in the 
troposphere over Europe with the participation of 17 
European states in 14 subprojects, 


—the ozone research program aimed at determining the 
nature and scope of the changed concentration of ozone 
in the stratosphere, to establish the causes and to enable 
forecasts for future development, 


—the impact on ecosystems, people and materials. 


By virtue of the current restructuring of industry and 
society in the new laender and the growing effectiveness of 
environmental policy measures, an improved modifica- 
tion in the rates of emission of individual pollutants can be 
anticipated. Such modifications will not only impact the 
distribution and transport of emitted pollutants but also 
the chemical conversion and consequently the formation 
of secondary pollutants (e.g., photo-oxidants). This in turn 
impacts the status of the ecosystems. In a broadscale 
combined project (“scientific program accompanying 
cleanup of the atmosphere over the NBL (SANA)’) 
launched in 1990 with researcher groups from the new and 
the original laender, these problems are tackled through 
interdisciplinary cooperation. Project funding totaling 
nearly DM12 million had been allocated to it by the end of 
1992. 


In the ozone research program field measurements and 
laboratory experiments are conducted and mathematical 
models developed. The ozone research program concen- 
trates on the northern hernisphere, especially the region of 
the North Pole. Since ozone research can be successful 
only in the framework of international cooperation, 
German research participates with a marked contribution 
to international, and above all, European programs (e.g., 
the EC’s STEP). 
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Since 1989 the BMFT has support projects with a total 
volume of ca. DM45 million. A major share of the projects 
has contributed to the large campaign “European Arctic 
Stratospheric Ozone Experiment (EASOE)” in the winter 
of 1991-1992, among other things, with the in-flight atmo- 
spheric research laboratory TRANSALL. 


In the future the ozone research program is to be expanded 
in the area of measurement of harmful UV-B radiation to 
be able to supply highly accurate current UV-B radiation 
values and possible future trends, among other things, for 
research on the impact of UV-B. Closely allied with that is 
to be an exploration of the impact of UV-B radiation in a 
lead project whose components are substantively aligned 
with the respective support activities in ecological, atmo- 
spheric and ocean research. 


The continuous growth in international air traffic over the 
upcoming decades and the increasing concern over a 
negative impact on our atmosphere from air traffic under- 
score the need and the urgency to introduce strong preven- 
tive measures now. A combined program, “aviation pollu- 
tion,” is to determine pollutant emissions in a component 
of the program on atmospheric research, record its spread 
with computers and measurement techniques and lastly, 
study its impact on the earth’s radiation economy. Another 
component of the program on the development of propul- 
sion systems is to explore propulsion systems technologies 
with a view to minimum discharge of pollutants. 


Research and Monitoring of the Ocean Environment 


Ocean-environment research and monitoring, through 
observed data and simulated models, provides documen- 
tation on the status of the ocean and its change, mingling, 
accrual of suspended particles, sedimentation, resuspen- 
sion, chemical and biological conversion are processes 
playing an important part therein. 


Current on-going research programs include: 


PRISMA—processes in the ocean-atmosphere pollution 
cycle: ecosystem of Germany’s bays, 


EVA & MEDA—empirical assessment of variability and 
methodology for investigation of data 


OPTINOM—optimization of North Sea monitoring 


TUVAS—transport, conversion and variability of pollut- 
ants and nutrients in German bays 


EUREKA EUROMAR—technologies and proce:*-s for 
environmental monitoring on sea Project 


Climate research has to incorporate into its models ocean 
processes that, among other things, comprise heat and salt 
transport, the conversion of CO, and other chemicals. The 
WOCE research program deals with currents over broad 
areas and transport of volumes of water, the Joint Global 
Ocean Flux Study (JGOFS) looks at the contents and their 
behavior, CO, included. 


45 


An oceanic observation program GOOS has been prepared 
internationally for worldwide observation of oceanic pro- 
cesses and procedures of relevance to the climate. It is 
supposed to furnish current data from all bodies of water 
on the status of the oceans and dimensions of their 
motions that also have to serve as the basis for forecast 
models (also see above, ocean research, chap. 3). 


Climate Research 


The world’s population with its soaring demand for 
energy, the production of ever more industrial goods and 
foodstuffs is contributing to an increasing concentration of 
so-called greenhouse gases (e.g., carbon dioxide, methane, 
CFC, ozone, nitrogen dioxide) in the atmosphere. There is 
no longer any more doubt at present that local, regional 
and global climate changes of varying proportions are the 
result. 


With its support focus “greenhouse effect,” the BMFT has 
opportunely tackled problems to be solved urgently 
involving increasing human emissions of greenhouse gases 
into the atmosphere and their impact on the climate and 
has made an important contribution in terms of official 
preventive research. The goal of BMFT-supported climate 
research is an improved prognosis of global climate devel- 
opment and especially also the climate variations associ- 
ated with this on a regional scale. 


Nobody now denies that climate-system modeling consti- 
tutes a central “instrumental” pillar of modern climate 
research. Simulation of the multifaceted, interlinked pro- 
cesses occurring in the climate system facilitates an 
improved understanding of the system and a prognosis of 
climatic development. Progress in the quality of predicting 
climatic behavior depends in large measure on the con- 
tinued development of climate subsystem models (atmo- 
sphere, ocean, biosphere, cryosphere) and their successful 
interlinkage. The hierarchical model established at the 
German Climate Computer Center (DKRZ) in Hamburg 
is constantly being expanded and perfected. The state- 
of-the-art computer center is closely linked with the activ- 
ities of the European Center for Medium-Term Weather 
Forecasting (EZMW). 


Under global change research, climate researchers together 
with scientists from other disciplines are taking on addi- 
tional new responsibilities also in the field of modeling. 
This applies in particular to the areas of 


—trace material cycles 
—water cycle (global/regional) 
—natural variability and signal recognition. 


Scientists from the new laender possess valuable experi- 
ence, especially in the field of climate diagnosis. The 
BMFT therefore has already begun timely support of 13 
projects in 1990/91 (total scope: ca. DM9 million). 


Climate research is international in scope. The major 
international programs, especially the WCRP and the 
IGBP, to which research activities contribute significantly, 
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create the framework. With the establishment of the Inter- 
governmental Panel on Climate Change jointly created by 
the World Meteorological Organization (WMO) and 
UNEP and its three working groups—I. Scientific Assess- 
ment; II. Impact assessment and response options; III. 
Cross-cutting, economic and other issues—an internation- 
ally coordinated action is being pursued in scientifically 
inventorying and assessing the global problem of climate 
changes and their impact for elaborating research strate- 
gies and recommendations for action. 


Contributing significantly to climate research are the long- 
term observation programs designed under the Global 
Climate Observing System (GCOS) and GOOS. Their 
organization and realization will be important responsibil- 
ities for the coming years. 


Research on Climatic Consequences 


Within the past century, the millions of years old, subtle 
flow of equilibrium in the interplay of geosphere, atmo- 
sphere, hydrosphere and biosphere has been so heavily 
impacted by human-induced disturbances that this has 
now led to a significant alteration in the atmosphere’s 
chemistry. Climate research assesses the impact of the 
resulting climate changes on sensitive areas and economic 
sectors (e.g., rise in ocean level, shifting of climate zones, 
agricultural productivity losses, decline in fresh-water 
resources, etc.), describing the socio-economic impacts 
and formulating possible active policy options. 


Climate research’s responsibility is first to render trans- 
parent the interactions among climate and sensitive nat- 
ural and human systems and to describe possible conse- 
quences of climate changes on the regional level. Second, 
the connection between climate research and specific 
policy decisions and measures needs strengthening to be 
able to support targeted protection of the earth’s atmo- 
sphere via avoidance and remedial strategies and to 
develop appropriate strategies for the consequences of 
atmospheric damage that has already surfaced. 


Since the impact of the global climate change is mostly of 
a regional nature, special study must be done on the basis 
of high-resolution space climate prognoses on all regions 
mindful of their respectively specific geographic, ecolog- 
ical and socio-economic conditions. Besides regionalized 
models, global climate models too, e.g., better interlinking 
of atmosphere-ocean-biosphere, needs to continue to be 
developed to obtain adequate quality of prognosis since 
such models provide the input data for systems modeling 
of research on climatic consequences. 


Moreover, the feedback effects of changes that have 
already occurred in our biosphere need to be studied. 
Quantitative instruments for systems analysis and systems 
modeling still need to be developed to describe feedback 
models. 


Since climate change impacts nature and society as a whole 
and not individual phenomena in piecemeal fashion, cli- 
mate research includes all relevant scientific, economic, 
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social and liberal arts disciplines. Hence a new scientific 
approach is involved here that presumes a high level of 
interdisciplinary cooperation. The BMFT’s 1991 initia- 
tive, “Potsdam Institute for Research on Climatic Conse- 
quences (PIK),” (a blue list institute), was founded as a 
relevant contribution towards this as a hub for develop- 
ment and coordination of research on climatic conse- 
quences (cf. part VI, chap. four). 


In research on climatic consequences the BMFT, for now, 
is concentrating on four areas of research: 


—climate change and coasts 
—climate change and agriculture 
—climate change and the Alps 
—fresh water availability. 


Of special importance here, in particular, is federal- 
laender research coordination. 
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Like climate research, climatic consequences research is 
included in international programs and is also a compo- 
nent of the Intergovernmental Panel on Climate Change 
{IPCC}; working group II). 


7. R&D in Support of Health 
Health Research Survey 


Health maintenance as well as curing and managing illness 
involves responsibilities having central importance for the 
citizenry, their families and therefore society as a whole. In 
fulfilling such responsibilities research is assigned a special 
role. Health research in the public sector in Germany is 
essentially sponsored by the universities supported by 
German academic support organizations. The DFG and 
MPG provide generally broadscale support for basic med- 
ical research on this basis. The FhG, in accordance with its 
market orientation, concentrates on developmental and 
implementable research and supplements research efforts 
by the pharmaceutical and medical engineering industries. 


Since 1978, the federal government has supported health 
research with the program “R&D in support of health.” 
The “health research 2000” program melds with the goals 
of prior support periods and develops fresh investigations 
for the period 1993-1998. Its responsibility is to coordi- 
nate research policy in this sector and to link federal 
support to important problem areas for health policy. 


Health research is simultaneously part of research and 
health policy. The support program is jointly sponsored by 
the BMFT and BMG. Federal government support helps 
fulfill health policy concerns in the federal spectrum of 
constitutionally sponsored responsibilities. Considering 
the broad field of health research in the universities and 
hence in the laender, it is neither all-inclusive nor central- 
ized but rather designed subsidiarily. 


The program's points of departure are the health policy 
responsibilities whose implementation research can help 
with the goal of 


—improving prevention and preventive health, 


—ascertaining the causes of sickness and effective alterna- 
tives for treating it and 


—continuing to develop a competitive health system that 
can be financed. 


The program contributes to these goals by supporting all 
structures in academia and the health system in which 
there is an increase of knowledge regarding health and 
sickness. It also offers incentives to take up specific 
themes. The federal government has supported health 
research in past years as a top priority and with a steady 
increase in financial funding. Together with environ- 
mental research it is a central component of research 
policy’s public preventive responsibility. 


Primary Goals and Responsibilities for Health 
Research 


Program activity has two primary goals simultaneously 
characterized by health policy requirements and research 


policy considerations. Under the rubric of “support 
health—battle sickness,” the program is supposed to help 
improve prevention and preventive hea , to clarify 
causes of illness and alternatives for trea.ing it and to 
ensure a competitive health system that can be financed. 


Against this backdrop the program concentrates basically 
on a bidirectional thrust: establishment of foci for public 
health research aimed at the health sciences relating to 
health problems and the population’s demand for care 
including health system research as well as focal points and 
centers for clinical research with special attention to coop- 
eration with basic research. 


Supplementing the efforts of other sources of support, the 
federal government's program is based simultaneously on 
substantive and structural objectives, with quality of 
research as the determining criterion. Permanent support 
for specific sectors is to be avoided. Instead, admittedly 
priority themes should be incorporated via financial incen- 
tives and ongoing support into existing biomedical 
research institutes. Splintering into a multiplicity of indi- 
vidual initiatives has to be avoided even if particular 
themes may fully have their own justification. 


Sustained advances in health research will only be realized 
if the basic conditions for doing so can be successfully 
improved. A primary goal of research policy is therefore to 
continue developing research structures and mold them in 
such a way as to offer friendly basic conditions for being 
able to solve existing scientific problems quickly, effi- 
ciently and competently. 


An essential new element of the program is “interdiscipli- 
nary centers for clinical research in university clinics.” As 
examples, scientifically competitive forms of organization 
and procedure are to be developed, for the time being, in 
six to eight centers. In this way clinical research should 
again be given the status it deserves as a key discipline 
bridging basic research and actual practice. Critical for the 
success of this idea is the cooperation of medical faculties 
and of the laender that will have to completely take over 
such centers once federal incentive financing is terminated 
and they will have to cosponsor it financially from the 
outset. Nearly DM250 million are slated for this program 
point in coming years. 


Substantively, such centers and foci are to be oriented on 
the program’s core health policy themes especially cardio- 
vascular diseases, cancer, infectious diseases and AIDS, 
metabolic disturbances, psychic and nervous system ill- 
nesses and organs of locomotion. New foci also include 
clinical pharmacology, research on addictions and uncon- 
ventional medical approaches. Health system research foci 
are rooted in the areas of epidemiology, health reporting 
and health economy. 


Medically relevant non-academic capabilities (GFE, MPG 
and FhG institutes, blue list institutes, federal oversight 
and research institutes) are represented in the program 
along with project support under a single substantive 
umbrella. A concern of research support is to bear this 
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potential in mind in determining gaps in health research 
and in formulating appropriate foci for project support. 


Various significant program projects are prepared and 
implemented with international cooperation. A number of 
support projects are also embedded in the EC’s medical 


program. 


Current Project Support Foci 


Programs being continued between 1988-1991 were con- 
centrated in three overarching sectors: 


—prevention and health maintenance 
—combating disease 


—health system research. 


Prevention and Health Maintenance 


The prevention and health maintenance sectors include 
research projects for linking health, lifestyle and environ- 
ment. Uppermost are emphases on health risks attribut- 
able to specific lifestyles and environmental influences and 
studies on the origin and progress of diseases associated 
with them. In this context there is support, above all, for 
research activities contributing significantly to the devel- 
opment of scientific methods. 


Here too are support foci in the area of the epidemiology of 
rheumatic and allergic diseases. They were especially pro- 
moted in the reporting period. It was also possible to 
conclude the principal phase of the German Cardiovas- 
cular Prevention Study (DHP) in late 1991. With the 
National Study on Consumption'’, also concluded in 
1991, and its basic assessment, a comprehensive epidemi- 
ological database was established for nutrition research. 


With the DHP"‘ a one-time large study was concluded on 
the health behavior of the citizenry and on the possibilities 
of improving cardiovascular diseases through targeted 
offers. The target of that report’s study was a broad 
population group of more than 355,000 individuals of ages 
between 25-65 years. On the community level that target 
group was to be persuaded in various ways of the need to 
live health consciously. Models were tested in large and 
medium urban and even laender regions for ways of 
making people health-preventive offers and effecting per- 
manent changes in behavior. Furthermore, regional health 
investigations were carried out in all communities where 
DHP intervened. It was thus possible to ensure that the 
data in the DHP regions in the course of the intervention 
continued to remain comparable with developments in the 
entire population. It is expected that these activities in the 
regions of the study will lead to as much as a 10-percent 
drop in cardiovascular mortality. 


The projects for the likewise concluded project “domicil- 
iary rheumatism care” (1984-1990)'> have m de a signif- 
icant contribution to research on such care. Represented 
therein were outpatient care structures, the prescription 
process and use of outpatient therapies. Included in the 
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projects from the very first were cost/efficiency represen- 
tatives. Such research has successfully linked the scientific 
bases of medical care with research on organization and 
implementation. Practical implementation of the devel- 
oped models and routine financing by the health system 
mark the successful conclusion of the program.'® 


In its third program period the support program has 
vigorously tackled problem areas that fall under the 
English rubric “Public Health” and translates into 
German, among other things, as medical care of the 
populace or health sciences. With the public health focal 
initiative instituted at selected university centers , an 
essentially structurally organized support sector was 
broached. This should afford the interested universities 
the possibility of developing interdisciplinary health 
research in connection with an appropriate curriculum. 


Research to Combat Disease 


The area of research to combat disease includes primarily 
diseases that occur frequently, that are linked to premature 
death or chronic invalidity. The primary support foci are 
in the areas of cancers, rheumatic and psychic diseases, 
each of them requiring a broad range of themes from early 
detection through diagnosis and therapy to rehabilitation 
in the case of chronic illnesses. Research to combat AIDS 
was again expanded as an especially urgent thematic field. 
In the focal point for alternative medicine, the program 
endeavors to promote the scientific breakthrough of 
widely applied alternative medicine and its processes 
based on natural medicine. 


Early detection is critically important for successful cancer 
therapy. One support focus therefore also supported the 
exploration of optimum strategies for early detection of 
cancer. An example of this is the German Mammography 
Study coordinated at Hannover University and imple- 
mented in close cooperation with the German Breast 
Science Society. The aim of such a project is to develop 
and to test by way of example in a limited region a strategy 
for using the mammography that is already known to be a 
successful preventive measure in the concrete basic condi- 
tions of Germany’s health system. In this connection a 
catalog of quantitative and qualitative indicators is being 
drafted that is appropriate as a basis for proper decisions 
via inclusion of mammography in the program for early 
detection of cancer in the framework of legitimate cancer 
care. 


In cancer related support incentives are of prime impor- 
tance in tackling urgent areas like AIDS research quickly 
and flexibly. The aim here is for the research, once it is 
established, to be sponsored, after an appropriate period of 
time, with other funding, for example, by the laender or 
support organizations. The example of cancer research 
exemplifies especially well the philosophy of this program 
not to target unlimited support but the development of 
permanent structures for highly qualified research. 


It was possible through more than 10 years of intensive 
support to create the necessary scientific, biometric, ethi- 
cal-legal and cooperative framework conditions for the 
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implementation of multi-center randomized cancer 
therapy studies. For development and testing of the struc- 
tures thus elaborated a sizable number of cancer therapy 
studies were implemented. Some of the clinical results are 
‘ulte impressive and decisively advanced the level of 
cancer research in Germany. 


At present the instrument of randomized therapy studies 
in the care of cancer patients has become indispensable. 
Private supporters of research (German Cancer Aid Foun- 
dation, Limited) in the meantime have assumed the advi- 
sory structures created with federal support in cooperation 
with the German Cancer Society and continued them so 
that progress in this area has been ensured even without 
additional support from the health research program. '’ 


Another example for disease oriented research is offered 
by the infections diseases sector in which research activi- 
ties on AIDS in particular were performed during the 
previous support period. Using the speedily available 
project support it was possible in a short time to amass the 
considerable potential of qualified working groups on 
AIDS as a research theme. Parallel to other federal gov- 
ernment emergency measures, scientific-medical research 
was developed for improved diagnostics, therapy and 
vaccination prophylaxis. Social science research addition- 
ally supported the preventive program. Lastly, a scholar- 
ship program and the support of an international exchange 
of experience succeeded in enabling AIDS research, once 
development support was concluded, to fall back on an 
adequately broad basis. 


Support currently is concentrated on combined projects 
that search for ways through interdisciplinary approaches 
of being able to help the infected and the sick and of 
avoiding fresh infections. '* 


In addition to such disease-oriented support, the pro- 
gram’s project support is dedicated in a quite special way 
to structural improvement of clinical research at the uni- 
versities. The science council has repeatedly, the last time 
in 1986, addressed this issue and assessed the level of the 
effectiveness of clinical research in general to be unsatis- 


factory. In 1987 the BMFT directly tackled the ~“men- 
dation put forth by the science council fo ort of 
clinical research groups and since the’ sriskly 
expanded support. The BMFT has made < to the 
DFG that is implementing the progr... contract 


through 1996 a total of DM120 million for his purpose. 
The goal is to create small units devoted only ‘v research in 
the university clinics that are often overburdened with care 
for the sick, that are still clocely knitted into the structure 
of the clinic. Federal support w'!! terminate after approx- 
imately five to eight years. At that time the respective 
laender are to assume the critical components of the 
groups. At present |7 clinical research groups are already 
being supported that are dealing with problems that 
include cardiovascular, cancer, rheumatism and addictive 
diseases. The DFG expects to be able rapidly to expand 
support in the upcoming years. 


Health System Research 


Foremost in the program’s third sector are, above all, the 
health system’s conditions and siructures. The intent is to 
establish health reporting for better, quicker and system- 
atically processed information on health system facts and 
data. Health reporting is characterized by an approach that 
apportions the task among the authority and the imple- 
menting institutes (headed up by the federal statistics 
department and the federal health department, the team of 
medical officials in charge from the laender and a number 
of research institutes). By linking up health situation 
indicators with those from the care system, the bases for 
health policy decisions are to be created. Thus health 
reporting simultaneously fulfills an important concern of 
public health research. The initial research project's 
responsibility is to lay the scientific groundwork for this 
long term responsibility to be assumed by the federal 
health ministry. 


Quality assurance research has engendered significant con- 
tributions to this sector. It is here primarily that the 
cardiac surgery quality assurance project has established a 
standard for future development. 


In the “cardiac surgery quality assurance”’ project criteria 
were identified in seven cardiac surgery centers that typify 
the quality of the physician's activity. Each cardiac surgery 
center can derive its own quality indicators from the 
clinical profile and if there are deficiencies directly 
develop alternative treatment strategies. These quality 
controls developed by consensus have now been recom- 
mended for acceptance by the expert group on thorax, 
cardiac and vascular surgery for all cardiac surgery clinics 
and after an additional model phase with the federal health 
ministry in charge, be included in routine health insurance 
financing. 


Institutionally Supported Health Research Foci 


The health research foci in fecera'ty co-financed or 
financed non-academic research institutes, just like those 
of project support, are based on health policy requirements 
to uphold and restore public health. 


Large research and blue list institutes make broad research 
contributions towards combating disease and to the health 
system. Foremost are clinical research (c.g., etiopathogenic 
research) and methodically oriented research (e.g., devel- 
opment of new diagnostic and therapeutic methods). Some 
institutes also are engaged in research on rehabilitation 
and on the health syster:. 


In the context of departmental research, federal institutes 
mainly contribute to prevention and preservation of 
health. Activities to combat disease are another focal 
point. 


The following activities and institutes are examples that 
illustrate the contribution of non-academic research insti- 
tutes to health research: 


—Prevention and research on the health system in the 
GSF research center for environment and health with 
activities for continued development and application of 
methods 
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¢ to describe the health situation of population groups, 

¢ for health system description, analysis and planning, 

¢ for planning and assessing medical studies and those 
on the health care system, 

¢ for assessing medical activities and institutes. 


—Health preservation and prevention with activities to 
forestall chronic illnesses that result in part from malnu- 
trition, in the German Institute for Nutrition Research 
(DIfE) in Potsdam-Rehbruecke (blue list institute); some 
health related nutrition research also in the Hahn-Meitner 
Institute Berlin GmbH (HMI), Research Institute for 
Child Nutrition, Dortmund. 


—Cancer research: the DKFZ with its research work is 
supposed to derive new insights into the basic processes 
of the origins of czncer and a grasp of cancer risk factors 
and in this way contribute to prevention, diagnosis and 
therapy of carcinogenic diseases. The activities are ori- 
ented on the following foci: genesis and differentiation 
of cancer, tumor cell regulation, cancer risk factors and 
cancer prevention, diagnostics and experimental 
therapy, x-ray diagnostics and therapy, applied tumor 
virology, tumor immunology and biocomputerization. 


The impact of radiation and environmental toxins on the 
organism and on cells and cell systems is also studied in the 
Society for Biological Research (GBF), KFA, KfK and the 
Institute for Environmental Hygiene at Duesseldorf uni- 
versity and for labor physiology at Dortmund university. 
There is also a focal point for “oncological research” at the 
Max-Delbrueck Center for Molecular Medicine (MDC) in 
Berlin-Buch. 


-Cardiovascular diseases (molecular and cellular mecha- 
nisms of healthy and pathological reaction of the human 
organism) in the MDC. 


—Infectious diseases (from studies on the cellular and 
molecular levels to epidemiology) in the GBF, in the 
German Primate Center (DPZ), Borstel research insti- 
tute, Heinrich-Pette Institute for Experimental Virology 
and Immunology at Hamburg university, Bernhard- 
Nocht Institute for Shipping and Tropical Diseases in 
Hamburg, federal health department and federal depart- 
ment for serums and vaccines, Paul-Ehrlich Institute. 


—Met bolic diseases, especially diabetes in the diabetes 
research institute at Duesseldorf university. 


—Neurological/psychiatric diseases in the KFA with 
methodical activities on glucose metabolism in the brain 
and in the blue list Institute for Neurobiology (IFN) in 
Magdeburg, having activities to clarify different learning 
processes and the organization of thought. 


—Molecular pharmacology in the Research Institute for 
Molecular Pharmacology (FMP) in Berlin with activities 
to study harmful processes and the impact of drugs on 
the brain on cellular and molecular levels. 
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Clinical research is a focus of the activity by DKFZ, GSF, 
KFA, MDC, Borstel Research Institute, Diabetes Research 
Institute in Duesseldorf, BNI in Hamburg, Institute for 
Labor Physiology at Dortmund university and DIfE. 


On the individual research institutes cf. especially part VI, 
chaps. 3-5. 


Even in the future institutional support of research insti- 
tutes in the biomedical sector will not be disregarded in 
determining the contribution of federal research policy to 
meeting health policy objectives. Hence it is being incor- 
porated in the federal government's health research pro- 
gram more intensely than hitherto. 


Project Support Foci in the New Laender 


The situation of the universities in the new laender still 
reveals a considerable need to catch up even in health 
research despite a number of internationally competitive 
achievements. The gaps result from inadequate research 
possibilities under the GDR regime. 


Hence it was necessary first to introduce a restructuring 
process at the end of which structures would emerge that 
would be as compatible as possible in the two parts of 
Germany. After its consultations, the science council 
through the working group on “medical departme::ts and 
academies” dedicated itself in a special way to health 
research at the universities in the new lender. In doing so, 
it required the BMFT, among others, to place special 
emphasis on targeted research in the laender under the 
program for “research and development in support of 
health.” Especially appropriate for this were the combined 
projects that combined the thematic projects of the pro- 
gram with long-term structural improvements in research 
possibilities. 

The BMFT has tackled the recommendations of the sci- 
ence council in timely fashion and presented the medical 
and science departments of the universities in Berlin, 
Greifswald, Rostock, Jena, Halle and Leipzig and the 
medical academies in Erfurt, Magdeburg and Dresden 
with a specific offer to expand support in the area of health 
research at the university centers of the new laender and 
the offer was immediately accepted by those institutes. 


Asa result of the support offer, universities having medical 
departments were given a fresh impetus. The aim of the 
support measures was development of cooperative 
research foci. The three-year limited support is supposed 
to enable the universities to combine existing researcher 
potential in the focal areas, to create cooperative working 
structures and the groundwork for effective, competitive 
research to be able in later years to compete on their own 
for an appropriate share of research funding. In this 
context, support for the next generation enjoys special 
importance, as well as cultivation of international contacts 
through workshops and guest visitors plus an inventory of 
modern instruments. A scientific advisory council is avail- 
able to assist on the focal points even in the further course 
of development. This support offer by the BMFT was open 
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to non-academic institutes too and is used to implement 
the reprofiling and new profiling recommended by the 
science council. 


Health Research in Europe 


Completion of the EC’s internal market confronts depart- 
mental research and general research support by the fed- 
eral government in the health sector with new responsibil- 
ities that can be administered only through close 
coordination with the respective EC programs. These 
include also substantive consideration for the realization 
of an equal level of health and care as well as inclusion of 
the research potential existing in the new laender into 
European cooperation. 


Important bases for this will be the results of the research 
project on “‘priority health goals” and the so-called “health 
survey” in the five new laender that should facilitate not 
only a comprehensive assessment of the public health 
situation in the new laender but at the same time also be 
able to constitute a German contribution to the necessary 
development of an EC health information system. 


Other research foci will include shaping the tenor of the 
EC’s new health competence and studies on the impact of 
the unified market on health and the health care system. 


Departmental Research on Health Problems 


Federal Health Ministry Research 


The BMG typically supports health research through sci- 
entific studies and model testing that support the admin- 
istration of departmental responsibilities, i.e., requiring an 
already existing or predictable need for action. 


Such responsibilities include, for example, combating 
cancer, cardiovascular and neurodegenerative diseases, 
studies on problems in the social sector, the health and 
nutrition relationship and pollutants and residues in food- 
stuffs, plus, research projects to improve the safety of 
medications. 


Activities under the federal government’s program to 
support research and development in support of health are 
coordinated with the BMFT and the Federal Minister for 
Labor and Social Planning (BMA) and other activities with 
the respectively appropriate federal ministers. 


The initiative for research activities directly supported by 
the BMG basically stem from the ministry itself. As a 
general rule that is done via tender, if the required studies 
cannot be performed by an appropriate federal research 
institute (e.g., federal health department, Paul-Ehrlich 
Institute) and federal research facilities or be included in 
the research planning of one of the institutionally sup- 
ported research institutes. 


A number of support programs furnish information for 
legislative deliberations on the health reform bill and 
applicable hospital legislation. This includes, for example, 
specifying health insurance prevention and cooperation 
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contracts, introducing various activities for early detec- 
tion, regulations for prior, partial and subsequent in- 
patient treatment plus reimbursement regulations. 


The thrust of BMG-supported activities in the reporting 
period was in the following areas: 


Combating AIDS 


Activities carried out in cooperation with the federal 
center for health education target educational campaigns 
against AIDS on individual citizens and their social envi- 
ronment. The supreme goal is to stem the further spread of 
the infection and the disease. Foremost was education of 
special population segments—including homosexuals, 
drug addicts, socially marginalized young men, young girls 
in critical phases of sexual development—partly through 
special programs in the school and leisure time sectors and 
at the work place. There was also support for special 
social-canvassing activity (“streetwork”’). Also to be listed 
is the sector of multiplier training and the publication of 
information brochures. In 1991 the new laender and the 
eastern districts of Berlin were also included in AIDS 
prevention. 


R&D projects under BMG departmental research included 
epidemiological research activities, prevention of HIV 
infections among drug addicts, young people and foreign 
citizens, representative studies on the sexual behavior of 
males and females and psychic, psychosocial and ethical 
aspects of living and dealing with infected individuals. 


Measures for Improved Care of Cancer Patients 


Available funding was allocated primarily to studies on the 
effectiveness of early detection measure, improvement of 
tumor diagnostics, elaboration of basic planning for a 
cancer register and cooperation models, development and 
support of tumor centers and oncological foci plus 
improvement of cancer patient care in the five new 
laender. There was additional support for advanced 
training and therapeutic activities for treating chronic pain 
and activities for improved care of child cancer patients 
(partial inpatient treatment, development of additional 
bone marrow transplant capabilities, improved data 
exchange). 


Improvement in the Care of the Chronically Ill 


Supported activities included the entire spectrum from 
prevention through advice (nutrition, risk detection), early 
detection, diagnostics, improved out- and in-patient care, 
follow-up care programs and rehabilitation to advanced 
training of doctors and nursing personnel. The foci were in 
the areas of cardiovascular diseases, metabolic diseases 
and rheumatic diseases. 


Hence there is to be support for improvement of early 
detection and possibilities for the advanced training of 
lower level physicians, five focal point hospitals for car- 
diovascular diagnostics in the new laender. Development 
of one or two rheumatism centers is being striven for in all 
laender to anchor interdisciplinary care for rheumatism 
patients in university clinics and to intensify cooperation 
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with specialized clinics, lower level physicians and mem- 
bers of the medical profession who are not doctors. There 
was also support for two centers for epilepsy patients with 
a resistance to medications who can be helped only 
through neurosurgical procedures. Development of two 
other centers like this is planned. 


Psychiatry and Psychohygiene 


In the area of addiction in recent years the problem of 
illegal drugs has continued to intensify. As a result, pos- 
sible federal activities for drug prevention, therapy and 
social work have intensified. The model programs for 
in-patient crisis intervention for drug addicts and for 
compact therapy in connection with drug assistance 
received broad support. There was another focus in sup- 
port for mobile drug prevention and integrated addiction 
advisory centers in the new laender. 


Ongoing studies of the addiction problem comprise a 
representative sampling of the consumption and abuse of 
illegal drugs, alcoholic beverages, medicines and tobacco, a 
study of tobacco ads and getting tobacco products from 
vending machines on the smoking behavior of children 
and young people and an analysis of the practice of 
prescribing potentially addictive medicines. 


In the area of psychiatric and neurological diseases there 
are projects for incorporating the mentally handicapped 
from psychiatric clinics in health pedagogy institutes, for 
legal issues in psychiatric care, on psychic health in the 
elderly, on therapy and relapse prophylaxis for psychic 
patients and for Parkinson’s disease and other basal gan- 
glia illnesses. 


Medical Quality Assurance 


The obligation for medical quality assurance was anchored 
for the first time with federal uniformity by the health 
reform law of 20 December 1988. It comprises measures to 
test, ensure and improve medical care in the out- and 
in-patient sectors. So far there are only a few practically 
proven quality assurance programs for areas of perfor- 
mance affecting patients, only for medical engineering 
activities. Through support from model measures— 
hitherto in the fields of cardiac surgery and cardiac pace- 
maker therapy, interactive training for applied medical 
engineering equipment, improvement of cooperation in 
the physician and nursing sectors and care for patients 
suffering from metabolic diseases (diabetes, urinary cal- 
culus, stomach, intestinal conditions)}—implementation of 
the legal regulations is to be properly promoted. 


The BMG also provided broad subsidies for the develop- 
ment of a bone marrow donor database, for the costs of 
investigations in the field of cancer diseases and for 
institutes for scientific research having supraregional sig- 
nificance, for national reference centers in the area of 
preventing and combating communicable diseases and for 
central institutes and health system associations (institu- 
tional and project support). 
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New Laender 


Additionally, to expand the above described activities to 
the new laender, activities were initiated to develop 
methods to determine sources of contamination in them 
and to understand the pollution in each of them. The goals 
of the four-year long projects are: 


—understanding and assessing pollutants in foodstuffs by 
type and amount 


—elaborating strategies for eradicating the causes 


—developing an information database in cooperation with 
the German Institute for Medical Documentation and 
Information (DIMDI) 


—laying the groundwork for long-term federal-laender 
cooperation. 


In future, such monitoring is to be coordinated with that in 
the old laender and institutionalized in the wake of official 
monitoring of foodstuffs. 


Federal Interior Ministry’s Departmental Research 


The BMI supports medical research in the necessary 
framework of ensuring improved strategies and methods 
for (initial) medical care under the limited conditions of 
extreme civil defense situations. 


Under the jurisdiction of the BMI, the Federal Sports 
Science Institute (BISp) contributes to health research. 
Research themes here include “medicine in sport,” “sport 
accidents and their prevention,” “training for strength,” 
“training regulation and control,” “women and sports,” 
“sports and strength” and “sports and the elderly.” 


8. R&D To Improve Working Conditions (Support 
Sector H) 


The federal program, “Labor and Technology” (AuT), 
adopted by the cabinet in August 1989, is sponsored by the 
BMFT and the federal ministries for labor and social 
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planning and education and science. It replaces the pro- 
gram, “Research on Humanizing the Work World,” begun 
in 1974, and takes into account current and expected 
future developments in the economy and society in the 
interest of official preventive policy. Proven approaches 
from the precursor program have been continued. 


The program’s main goals are: 


—health protection through elimination and prevention of 
dangerous pollution 


—humane design for labor and technology. 


New support aspects and fields in terms of future preven- 
tive activity for improved working conditions in the pro- 
gram primarily entail: 


—complex processes of innovation for labor and tech- 
nology design that are required to cope with changing 
market conditions and forced technological develop- 
ment, 


—improved alignment of R&D activities toward preven- 
tion to be able in timely fashion in the design of labor 
and technology to seize opportunities and ward off 
health threats in advance, 


—ongoing consideration for problems of advanced and 
continuing education that is increasingly important for 
the use of new technologies and to ensure better working 
conditions, 


—intenser consideration of SMEs and cottage industries in 
the program, 


—exploiting special opportunities for innovation but also 
considering the cluster of problems for designing labor 
and technology in the new laender resulting from eco- 
nomic, technical, organization conditions and working 
condition deficiencies. 


Unified Economic and Humane Labor and Technology 
Design 

Industrial changes are becoming ever more complex; hence 
simultaneous and comprehensive technical, organiza- 
tional, professional and health support aspects have to be 
considered including allied environmental protection 
issues. Elimination of dangerous past waste, dangerous 
work materials or new materials are only some examples of 
an increasing integration of workplace, technology and 
environment. 


Experience indicates that new information, production 
and process technologies afford a great opportunity to 
design worksites and work cycles not only economically 
but also humanely. They support the thorough profession- 
alization of labor forces, improve job and health protec- 
tion and expand free space in the workplace layout espe- 
cially if such aspects have already been incorporated in 
technological development. In this way the rubric ““Work- 
site CIM” supports the development of appropriate tech- 
nical and organizational design concepts and professional- 
ization models and harmonizes them with the basic 
economic and personnel conditions of SMEs. 
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Preventive Labor Design 


The awareness has surfaced that preventive elements in 
the labor and social system have to be enhanced, especially 
under the impact of increasing financial responsibilities 
for social safety and rehabilitation. 


Against this backdrop, the AuT program contributes to 
continued development and expansion of the possibilities 
and opportunities for preventive labor design. 


Examples of such preventively oriented research and 
design responsibilities include: 


¢ development of concepts for preventive pollution 
protection 

¢ study of the causes of job related illnesses as an aid in 
developing technology and materials 

¢ development and design of worksites for the elderly in 
view of the increasing average age of the working 
population 

¢ development and testing of expanded forms of as 
opportune as possible a cooperation among those 
responsible for job and health protection. 


New Designs and Models for Professionalization 


A qualified work force is decidedly important for the 
development and use of new technologies, organizational 
structures and for improved job and health protection. 
Unless there is a corporate strategy for professionalizing 
employees innovative and humane solutions for labor and 
technology design are constricted if not hampered. Oper- 
ational and cross-operational forms of professionalization 
and also individual readiness and ability to learn are 
increasingly a contributory factory to current and future 
prospects for innovation. Through exemplary support of 
new designs and models for professionalization the pro- 
gram takes into account such challenges. In view of demo- 
graphic developments there is a growing need for new 
learning methods for specific target groups especially for 
employees currently unaccustomed to learning. 


Labor and Technology in SMEs and Cottage Industries 


At the core of support for SMEs and cottage industries are 
operational activities for improved job and health protec- 
tion and for the humane introduction of new technologies. 


In view of the recognized hurdles to the introduction of 
new technologies and tougher competitive conditions in 
those important sectors, research efforts are urgently 
needed here. In-house R&D capabilities are limited in 
these sectors of the economy. Hence the program supports 
transfer of results, appropriate developments and, if appli- 
cable, even development of in-house solutions in the use of 
new technologies. 


Moreover, in numerous cottage industries there are special 
gaps in health protection as a result of hard physical labor 
and handling of dangerous substances. In many businesses 
there is a growing readiness to tackle those deficiencies. 
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Increasingly job and health protection investments are 
becoming a requirement for doing business. SMEs and 
cottage industries also need assistance and incentives for 
this. R&D can help here if the research goals are focused 
on the need of such small business structures. 


Labor and Technology in the New Laender 


Support for projects in the new laender entails above all 
using practical and quickly effective measures to provide 
incentives for innovations to design labor and technology, 
for job and health protection and for professionalization of 
managers and labor. 


Businesses that are being redeveloped or undergoing rad- 
ical change need to develop and test models for innovation 
and production concepts that enable linking labor, organi- 
zation and technology holding promise for the future. 


As far as they are available, results from the “Labor and 
Technology” program have been made available for these 
responsibilities. Design know-how from the original 
laender has to be applied in the new laender but often in 
situation that radically differ from the conditions under 
which such know-how was originally derived and actually 
tested; this includes, for example, differences in labor- 
related standards, in operational organizational and hier- 
archical structures, in available potential for professional- 
ization , etc. The program has immediately allowed for this 
circumstance by supplementing the currently proven sup- 
port offer especially for the need of the new laender. 
Effective implementation of the research results and busi- 
ness experience in the new laender is guaranteed primarily 
through collaboration of the federal institute for job pro- 
tection (BAU), federal institute for labor medicine 
(BAFAM) and federal institute fo: occupation training 
(BIBB) in the Labor and Technology Program (cf. part VI, 
chap. 5). 


European Cooperation 


The continuing liberalization of the internal market in 
Europe and the associated freedom of choice in the work 
place over the medium term will result in a leveling out of 
the quality of labor and living conditions in the EC. In this 
scenario, program contacts are being developed with 
related foreign programs and institutes. Some examples 
are: the French institutes “Homme, Travail et Technolo- 
gies” and ‘Agence Nationale pour l’Amelioration des 
Conditions de Travail,” England’s “PICT-Program” and 
the “work research unit,” Sweden’s “Arbetsmiljofonden,” 
the “Nederlands Institut voor Arbeidsomstandigheden” 
and the European Foundation for Labor and Living Con- 
ditions in Dublin. 


Also being developed are combined research networks like 
Amelioration des Conditions de Travail en Europe 
(ACTEUR), MODEM (Maastricht University Initiative 
for Cooperative Research), CAPIRIN (International 
Research Network on Culture and Production) and EC 
programs, for example, Future Supersonic Transport 
(FAST), European Strategic program for R&D in the Field 
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of Information Technology (ESPRIT), Basic Research in 
Industrial Technologies for Europe (BRITE), FORCE, and 
EUROTECNET. 


Besides such cooperation on program levels, bilateral 
projects on the research and operational project levels also 
deserve to be highlighted. Such cooperative projects as a 
rule are designed on the basis of a division of labor and 
financed nationally on a proportioned basis; this applies, 
e.g., to EUREKA projects in the foodstuffs industry, a 
German-Swedish joint activity to combat carcinogenic 
wood particles or a German-Norwegian cooperation to 
eliminate health risks in soldering. 


9. Information Technology, Production 
Engineering (Support Sector I) 


Survey 


Information technology is assuming a key role for eco- 
nomic and social development in modern industrial 
nations and is making a lasting imprint on our age. It opens 
up opportunities for technological progress and contrib- 
utes towards improving the social and ecological living 
conditions of individuals. Economic growth from “‘intelli- 
gence,” efficient use of raw materials through new technol- 
ogies and integrated environmental protection are the 
cornerstones of future global security. In the research and 
technology policy dialog on strategy among government, 
academia and the private sector on information tech- 
nology the need emerges to recognize the intensive inter- 
actions of rapid scientific progress with the resulting menu 
of possible products and the associated high pace of 
innovation in modern key technologies and to design it as 
an option of a modern industrial society. 
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The strategic importance of information technology 
resides in the quite broad cross-effects in many areas of the 
economy and the middle class. For example, in Germany 
information technology has a decisive impact on the 
annual turnover of the five largest export sectors of the 
capital goods industry. 


The importance of information technology far surpasses 
its key role in the economy. Hardly any other technological 
development results in the radical sorts of structural and 
cultural changes in all areas of life as information tech- 
nology does. It is a source of innovations in the economic 
and cultural sectors, it provides standard instruments for 
environmental protection and economical handling of 
resources by means of measurement and control systems. 
Information technology is effecting a new type of inter- 
linkage of social and technological infrastructures whose 
impacts simultaneously affect the work world and private 
life. Nearly 30 percent of total international R&D outlays 
at present are attributable to information technology. 


An important goal of official research and technological 
(FuT) policy is to keep Germany attractive as a location for 
firms in the information technology sector and to intensify 
their in-house R&D efforts. The priority here is to ensure 
a competitive scientific-technological infrastructure and 
support for the transfer of basic research results into 
industrial realization. It also includes support of a number 
of newly founded blue list and FhG institutes in the new 
laender (cf. part Vi, chap. 4 and sect. 2.2). 


The FRG has at its disposal an outstanding institutional 
foundation in the universities, MPG, GFE, GMD, KFA 
and Kfk, etc. and in the FhG that operates 14 R&D 
institutes for information technology including microelec- 
tronics. 


Of equally great importance is the creation of a favorable 
climate for innovation based on a competitive research 
infrastructure. The BMFT’s project support is aimed at 
enhancing basic research with an applied orientation in the 
information technology sector. As a rule it is organized in 
combined fashion among research institutes and industry. 


The nation’s research infrastructure is an important 
building block for Europe’s research and technology com- 
munity. Europe’s support programs ESPRIT, 
TELEMATICS and R&D in Advanced Communications 
Technologies in Europe (RACE) target enhanced coopera- 
tion for cross-border groups of researchers and on creating 
the tech. ological bases for Europe’s information tech- 
nology industry that has to successfully confront interna- 
tional competition. The impetuses arising from an inno- 
vative national field of research play a crucial part in this 
design process on the European level. 


On the basis of the federal government’s 1989 future 
concept of information technology, the BMFT has sub- 
mitted an R&D support concept in the information tech- 
nology sector 1993-1996 whose foci are oriented on signif- 
icant applied prospects, e.g., 
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—high-resolution imaging systems, digital high-definition 
TV (HDTV), display engineering, 


—digital terrestrial radio, Digital Audio Broadcasting 
(DAB), 


—safe and environmentally friendly traffic systems. 


The BMFT is supporting the following innovative basic 
technologies as a prerequisite for realization of such 
applied prospects: 


¢ Continued development of silicon-based microelec- 
tronics in the sub-micrometer range entailing activi- 
ties predominantly in the context of the Joint Euro- 
pean Submicron Silicon (JESSI) initiative and the 
special objective of SMEs’ ability to use the design 
methods, 

* Microelectronics and optoelectronics on the basis of 
A''BY transistors for prospective integration of elec- 
tric and optical signal processing and switching at 
extremely high data rates, 

¢ Basic technologies for photonics to surmount the 
limits placed, in principle, on conventional micro- 
electronics, 

¢ Nanoelectronics, 

¢ Molecular-electronics-based storage technologies, 

¢ Application of high-temperature superconductors for 
increased effectiveness of electronic systems, 

¢ New principles of information processing using par- 
allel processing processes and new architectures in the 
form of neural networks. 


Improved research projects, e.g., biocomputerization, 
bridging biology and information technology, are also 
supported. TA is an integral component of the BMFT 
support concept. 


In the area of infurmation technology the German Federal 
Post’s TELEKOM is implementing R&D activities that for 
the moment are oriented primarily towards the company’s 
own interests. But they are designed so that they comple- 
ment BMFT-supported research on one side and industrial 
research on the other side. 


In Germany the federal government, laender and EC 
support R&D in the information technology sector. In 
1992 a total of DM1.6 billion in support funding was 
expended including DM1.1 billion from the BMFT and 
nearly DM280 million from EC programs. 


Basic Information Engineering Technologies 


Silicon-Based Microelectronics 


Microelectronics is a key technology that has already 
resulted in considerable structural changes in the economy 
and can be expected to do so even in the future. The broad 
application and timely availability of fast, highly- 
integrated circuit boards integrated with complex systems 
are increasingly decisive for the competitiveness of entire 
branches of the economy. Microelectronics development 
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tasking is at present organized in the European JESSI 
program (on EUREKA cf. also part V, sect. 1.2.1). 


Microelectronics in Europe’s JESSI Program 


The EUREKA program JESSI is pursuing the goal of 
assembling the research potential in microelectronics 
existing in Europe and orienting it towards strategic goals. 
After expiration of the 18-month startup phase, JESSI’s 
main phase, designed for five years, began in January 
1992. 


The New JESSI Structure 


Upon conclusion of the startup phase at the end of 1991, 
JESSI was tightened up organizationally and provided 
with new substantive emphases. 


The nearly 80 individual projects that JESSI comprised in 
the startup phase have been recast and combined as 15 
so-called flagship (and five individual projects). This got 
the corporately independent firms from the chip nianufac- 
turing, chip application and chip-prod ction tools sectors 
working together on an international basis under the 
flagships. In this way JESSI is supporting a closed-loop 
European research scenario in the microelectronics sector. 


Under JESSI too the strategic focus has since then increas- 
ingly shifted to the area of integrated-circuit boards having 
an applied orientation (ASICs). JESSI is now targeting 
even more intensely the users of microchips since Europe’s 
microelectronics industry has an opportunity to survive, 
above all, if it manages to stimulate the necessary mass 
demand for ASICs in Europe. Moreover it is precisely in 
the field of ASICs that the danger exists that systems 
know-how will drain away if such components have to be 
gotten from foreign competitors. 


JESSI flagships are focused on applications that, from a 
current optic, will realize major market significance 
towards the end of the nineties. Only if there are high sales 
figures will it be possible for the chip producers to go on to 
raising the large development and investment costs that 
advanced microelectronics requires. 


The most significant JESSI flagships aligned in this direc- 
tion are development of integrated circuits for future 
HDTV and DAB and mobile telephone communications. 
Also important is a flagship for continued development of 
microelectronic circuits for use in motor vehicles and 
machine-building systems. 


Scope of the Development Activities 


Projected costs for the entire JESSI program are DM7 
billion. On the basis of planning figures for 1992-1996, 
3,400 man-years are spent annually on the JESSI foci. This 
is equivalent to costs totaling DMI billion under the entire 
European program. Half of those expenditures are 
financed by industry, the respective governments jointly 
with the EC Commission make good the other half. 
Development activities performed in Germany will total 
nearly a third of the total scope of JESSI activities. 
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In their 1991 negotiations, the respective countries and the 
EC Commission reached agreement on projects to be 
jointly supported and mutually committed themselves to 
make good their share of the financing. Such wide-ranging 
courdination among industrial partners and European 
governments is presently a first for research projects under 
EUREKA and reveals the progress now achieved in mea- 
sures to strengthen independent European microelec- 
tronics research. 


Cooperation Between JESSI and the U.S. SEMATECH 
Initiative 

Even in the area of tools and equipment for chip produc- 
tion Europe is unable, on its own, to encompass the scope 
of required technologies. Therefore, one major success of 
the JESSI program has been the ability to conclude an 
agreement on cooperation between JESSI and 
SEMATECH in September 1991 on the basis of the 
successful development realized in the startup phase in the 
area of semiconductor manufacturing equipment. 


Since then, European manufacturers of production equip- 
ment and IBM have now launched the first joint projects. 
SEMATECH and JESSI are continuing coordination of 
their projects and have agreed on complementary areas for 
further cooperation. The Siemens-IBM cooperation in 
development of the 64 megabit [Mbit] memory component 
strengthens the links between JESSI and SEMATECH by 
enabling the introduction and specification of European 
equipment on U.S. production lines. In the meantime, the 
Siemens-IBM cooperation has been expanded to include 
Japan’s Toshiba as a partner to initiate long-term devel- 
opment activities on a memory chip of up to 256 Mbit. 


Results of the JESSI Startup Phase 


In the JESSI startup phase 76 individual projects alto- 
gether, out of more than 300 proposals for R&D projects, 
were selected for implementation in JESSI. They have now 
been combined into the 15 flagships. The assessment of the 
individual project proposals was done in expert commit- 
tees of industrial representatives and individual experts 
from research institutes. Important goals have already 
been realized in various areas of JESSI. 


In the area of semiconductor production equipment JESSI 
has already demonstrated at present that Europe has not 
lost touch with international development. Further coop- 
eration with the large U.S. microelectronics market may 
even further stimulate development here. 


Participation of the New Laender in JESSI 


The JESSI program is open to firms and institutes from the 
five new laender. The first proposals from the new laender 
introduced jointly with European partners have already 
been integrated in JESSI projects and are also supported 
by the BMFT. Thus, even now, Jenoptic in Thuringia, the 
Institute for Semiconductor Physics (IHP) in Frankfurt/ 
Oder and the Center for Microelectronics (ZMD) in 
Dresden are participating in a number of projects. The 
same criteria apply in those case as in other JESSI projects. 
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It has turned out that the careful planning that the type of 
broad international projects that are realized in JESSI 
requires a lot of time. Therefore the BMFT is generally 
present where there are highly promising approaches and at 
the present time integration in JESSI is still not possible to 
support research activities in the new laender outside of the 
EUREKA program. The requirement for this is for the 
respective project consortiums to support participation by 
partners from the new laender. But the goal continues to be 
complete integration in the short term of activities in the 
European context. 


Microelectronics Outside of JESSI 


The JESSI program is accelerating the development of 
silicon technology that will continue to be the determining 
technology for 90 percent of microelectronics into the next 
century. For special applications, especially in areas of 
application requiring extremely high speed circuitry, how- 
ever, alternative semiconductor materials will also increas- 
ingly be used. Through improved processing of already 
familiar materials—especially with the goal of creating 
extremely small and well-defined structures—it is possible 
to “customize” new electronic properties. The BMFT is 
also already supporting such research activities, that are 
currently categorized as having a basic orientation, 
because of their high development risk and their consid- 
erable technological potential. 


The greatly expanding fields of application in information 
technology, requiring increasingly greater speed, extremely 
high frequencies or the combination of electronics and 
photonics, make it necessary to develop new basic technol- 
ogies in addition to silicon technology. Gallium arsenide 
and indium phosphide transistors have proven their worth 
in this respect and their application may include laying 
important groundwork for the solution of public responsi- 
bilities. 


Compound Semiconductors 


Electronic and optoelectronic components of III-V com- 
pound semiconductors like gallium arsenide (GaAs) and 
indium phosphide (InP) display three decisive advantages 
compared to silicon components: they switch faster, 
making possible higher frequency components, and they 
are able not only to receive, but also to transmit, light, a 
property that is finding multifaceted applications in opto- 
electronic systems. Gallium arsenide and indium 
phosphide components therefore will be used instead of 
silicon components, first, where realization of information 
technology systems are involved that entail demands for 
extremely high speeds. These include, e.g., superfast com- 
puters, millimeter-wave navigational systems or remote 
alert radar for automobiles. Second, III-V semiconductors 
constitute the basic technology for optoelectronics and 
photonics. 


In comparison to silicon, III-V semiconductor technology 
still displays a sizable lag in development and is therefore 
only at the threshold of commercialization. Such materials 
can be produced with the necessary purity and crystal 
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perfection only using extremely costly processes. Accord- 
ingly, economical production of highly integrated circuits 
calls for a basically more complex process technology than 
silicon. Considerable R&D expenditure still is needed 
here. 


Despite the anticipated advances in virtually all areas of 
microelectronics and optoelectronics, even presently 
familiar new materials or new component principles 
should not be overlooked. It is not out of the question that 
they may spur developments that could revolutionize 
currently prevailing conditions in process technology and 
circuit engineering for complex systems in upcoming 
decades. 


These include semiconductor materials (e.g., II-VI and 
ternary compounds based on them) that are still barely 
mastered as well as fundamentally new physical and chem- 
ical operative principles, e.g., components based on high- 
temperature superconductors or the exploration of the 
possibilities of switchable molecules for signal processing 
and storage (molecular electronics). 


Nanoelectronics 


Precision methods originating in microelectronics have 
been developed so extensively that structures of less than 
100 nanometers [nm] to the level of individual atoms can 
be produced in a controlled way. Conventional description 
of electron motion breaks down in such structures; the 
wave properties of the electron become increasingly more 
noticeable. In this range—also called mesoscopic— 
quantum physical effects are operative. Examples of this 
are the quantum mechanical tunnel effect or dimension- 
based quantizing effects. Hence—contrary to the notions 
of classical physics—an electron is able with a given 
probability to tunnel through a thin insulating barrier. 
This effect can be made useful for the development of 
nano-electronic components. 


On the basis of highly complex systems and processes 
already developed in GaAs technology there has also been 
success in producing centrolled series of films of a few 
layers of atoms. In this way it becomes feasible to use 
quantum physical effects in entirely new components. 
Some components of this sort are currently already a 
reality in the laboratory. 


As early as the present there is certainty that the applied 
spectrum extends far beyond the production of transistors. 
But considerable basic research is still needed to under- 
stand the physical effects and also to master them. Special 
process technologies also still have to be developed to 
manufacture or integrate such components in circuits in a 
reproducible manner. 


Such tasking is at the core of BMFT-supported combined 
research on compound semiconductor technology. 


Also important for broad industrial applications of nano- 
electronics is the question whether systems can be devel- 
oped that are compatible with established silicon tech- 
nology. Even any electronics based on new physical 
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principles will be embedded along the periphery of con- 
ventionally integrated silicon technology. Transfers in sil- 
icon that, e.g., are engendered through diffusion, however, 
are hardly appropriate for nano-structures since they are 
not defined sharply enough. 


The materials combination of silicon and germanium 
appears to be promising. An example of a component in 
silicon-germanium engineering is the heterobipolar tran- 
sistor. Laboratory specimens are already capable of com- 
peting with the circuit speed of GaAs transistors. 


BMFT support concentrates on clarifying whether the 
potential advantages vis-a-vis current engineering demon- 
strated in the laboratory can also be realized under the 
basic conditions of engineering production and applica- 
tion. This calls for activities in the transitional zone 
between basic research and research with an applied ori- 
entation. 


Photonics 


If photons, i.e., light quanta, replace electrons for use as 
information platforms, it is possible to transmit consider- 
ably more information than with an electronic signal. In 
the future, photonics could be as important for informa- 
tion technology as microelectronics 1s today. Development 
from electronics to photonics is based on advances in III-V 
transistors like GaAs and InP. Those materials systems 
make it possible to produce optoelectronic components 
(semiconductor diodes integrated with electronic circuits) 
in which light quanta (photons) especially, in addition to 
electrons, are used as information platforms. 


Scientists from industry, institutes and universities are 
closely cooperating in two BMFT-combined projects with 
the themes optical interconnection engineering and optical 
signal processing. The aim of the R&D activities is both to 
explore new possibilities in photonics and to demonstrate 
the same already in systems as examples. 


Photonics’ advantages bear their full fruit especially in 
optical contact engineering. In the transmission of huge 
amounts of data in electric circuits at signal frequencies 
exceeding 140 megahertz [MHz] undesired interference 
effects like crosstalk and reverberations occur. This limits 
the development of extremely fast information technology 
systems. By converting the electric signals into light signals 
and transmission via a fiber-optic light guide, in contrast, 
it is possible to realize the desired extreme speed since 
photons, unlike electrons, do not interact with one 
another. Transmission of data using photons has already 
been implemented in fiber-optic light guide engineering 
and its economic use in telecommunications, in particular, 
proven. Moreover, optical signals do not need to trans- 
mitted necessarily via optical fibers. Photons, i.e., light 
signals, can also be sent through space or from one point 
with appropriate imaging optics simultaneously to other 
points. In this way it is possible to avoid the wiring and 
bonding in highly complex systems that are even at present 
quite expensive. Optical contact engineering therefore 
leads to a new level of freedom in electronic systems. By 
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means of it, it is possible, e.g., even for many processors 
simultaneously to communicate with one another via a 
beam of light. An optical parallel computer is being striven 
for as a long-term goal. 


Optical light signals that generate the link among optical 
processors or the individual components in highly com- 
plex systems, for each switching process first have to be 
reconverted into electrical signals. Each information item 
therefore has to overcome the bottleneck of optoelectronic 
conversion. This circumstance limits the data flow to a not 
inconsiderable extent. The goal there is being pursued of 
also realizing such switching processes optically with 
appropriate components and thus arrive at a thorough- 
going optical signal processing. Internationally, optical 
signal processing is the target of R&D programs, above all, 
in the U.S. and Japan. Its goal is the use of the inherent 
advantages of optical signal processing such as extremely 
high transmission capacity, elin.ination of optoelectronic 
conversion and a high level of parallel data processing. 


The goals of the BMFT-combined project optical signal 
processing are primarily the development of components 
(like laser diodes, detectors and modulators) and systems 
in optical switching engineering on the basis of III-V 
semiconductors such as InP, for instance. 


Display Technology 


One important key element in the operation of informa- 
tion systems and machine systems, besides the computer, 
is a display. This primarily enables a user to access 
information technology systems. Examples of this are 
word processing, bank terminals, displays in airports and 
in cars. In the area of communications engineering the 
following applications are being used or researched world- 
wide: portable TVs, flat screens, HDTV, videophones, 
information systems and medical information systems. 


The cathode-ray tubes that are most widespread at present 
are out of the question for new areas of application because 
of their large bulk, their weight, demand for electrical 
energy and high-voltage supply. 


An entirely new generation of flat displays has to be 
developed for that purpose, the kind that are currently 
used already in miniature TVs or in laptop computers. 
Many of the technological problems of flat displays still 
have not been satisfactorily resolved. But it can already be 
foreseen that the flat display represents on of the most 
significant future markets for information technology. 


BMFT support is presently concentrated on liquid-crystal 
diode (LCD) and electroluminescent flat screen research 
activities. Flat displays produced with LCD technology 
have to be able to compete with conventional picture tubes 
in terms of levels of gray resolution, color reproduction, 
frame repetition rate, number of pixels and lifetime. Only 
equipment produced in Japan’s research laboratories have 
demonstrated the same for some displays up to 36 centi- 
meters [cm] diagonally. Considerable R&D expenditure is 
still required for large diameters of up to one meter. Even 
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in the exploration of appropriate LCD materials and 
coating them on glass substrates, aging of them and elec- 
trical triggering of them, basic work still needs to be 
performed that the BMFT is currently supporting in uni- 
versities and research institutes. 


Systems Engineering 


European combined projects under the EUREKA program 
are supported primarily for the elaboration of new Euro- 
pean standards in the consumer electronic sector (cf. part 
V, sect. 1.2.1). 


The fundamental idea of such pre-normative R&D 
projects is with a comparatively modest financial incentive 
for exploratory R&D activities to combine Europe's 
resources and to establish forward-looking technical stan- 
dards. This is an essential requirement if industry is 
afterwards on its own to be able to develop mass markets 
existing after the new systems. 


The strategic significance of the consumer electronics 
sector is that it represents the know-how for mass manu- 
facture of electronic high-tech products—a know-how that 
is as critical for the entire PC market as it is for the 
international market for end equipment for telecommuni- 
cations and office communications. 


—The HDTV combined project (EUREKA-Project 95) has 
developed a new TV standard for large screen TV. A 
European system for production, transmission and 
reception of high resolution images on the basis of that 
standard has be effectively demonstrated frequently 
since then. It is now the primary obligation of industry, 
the TELEKOM enterprises and broadcast promoters to 
introduce HDTV. BMFT has therefore initiated a plat- 
form on which those partners are promoting the intro- 
duction of HDTV. On the political level the member 
states of the EC have agreed on a European-wide intro- 
duction of HDTV, and the EC Commission has been 
handed coordination of international activities. 


The BMFT’s role in the future will be limited to support of 
key technological components and systems designs for 
digital HDTV; since the next innovative step in the TV 
sector will be digital HDTV transmission. A “digital 
HDTV” combined project headed up by the Heinrich- 
Hertz Institute is dedicated to this future responsibility. 


—The technical standard for today’s very high frequency 
[VHF] broadcasting stems essentially from the fifties. 
The stunning advances of microelectronics since then 
have laid the technological groundwork for developing a 
future audio broadcast system that realizes the repro- 
ducible quality of compact discs [CD] and can simulta- 
neously be received without interference in cars as they 
are traveling. 


The EUREKA combined project DAB is elaborating a 
proposa! for standardizing future terrestrial digital audio 
broadcasting through combined European research. Par- 
ticipating in this EUREKA project are 13 firms and 
institutes from 10 European nations. German firms and 
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research institutes that have traditionally advocated tech- 
nological development of broadcasting are assuming a 
leading role here too. DAB fits seamlessly into the BMFT’s 
efforts through pre-normative R&D to develop future 
mass markets in the field of information technology for 
European industry. 


Data Communication 


To realize a research sector computer network, academia 
founded the Union for Support of a German Research 
Network (DFN-Verein) that currently has over 200 mem- 
bers including all universities and large research institutes 
plus numerous industries. 


With BMFT support the DFN-Verein has established a 
computer group based on international OSI [Open Sys- 
tems Interconnection] standards and it is used for the 
exchange of information and data and remote access to 
spatially distant specialized computers. The success of the 
DEN project has made the DFN-Verein and its technolog- 
ical concept into a model for similar projects in the 
European partner countries. This trailblazing role of the 
DFN project is the basis to quite a large extent for the 
emergence of the EUREKA COSINE Project that will lead 
to an interlinkage of national research networks across 
Europe on the basis of a harmonized technological concept 
(OSI standards). 


The DFN-Verein will concentrate its activities over the 
upcoming years on the creation of a high-speed data 
system, on European networking under the EUREKA 
COSINE Project and on coordination of international 
networking. The DFN-Verein also is vigorously pursuing 
inclusion of the scientific institutes of the new laender in 
the German research network. 


Now that the DFN-Verein jointly with universities and the 
newly founded non-academic research institutes has 
planned the development of data communications in the 
new laender, the necessary infrastructure is now gradually 
being further developed with BMFT support. The GMD is 
collaborating with DFN-Verein projects that aim prospec- 
tively at a definite increase in the effectiveness of the 
German research network. Under the POLIKOM Program 
it is also exploring the bases for introducing multimedia 
communication technologies. 


Microsystems Engineering 


Microsystems are miniaturized products that are able of 
independently acquiring and assessing data and per- 
forming actions. Sensors are the counterparts of the human 
senses, signal processing, of the brain, and movable parts, 
the limbs. The way they function mimics nature. 


Microsystems engineering incorporates the coordinated 
use of 


—miniaturization technologies that encompass not only 
the electronic sector (e.g., semiconductor technology, 
film technology), but also the optical sector (e.g., inte- 
grated optics, fiber optics), the mechanical sector (e.g.. 
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micromechanics) and the biological sector (e.g., 
enzymes, antibodies and receptors as biological detector 
components), 


—development and linking technologies that enable com- 
bining the individual components, 


—systems architecture and signal processing designs that 
support integrating the different microtechnologies into 
systems, and 


—systems engineering that facilitates complex product 
developments through computer-based tools for anal- 
ysis, design and simulation. 


Microsystems engineering will exert considerable impact 
on the improvement of existing products and the develop- 
ment of new ones. Even now in Germany sensors, movable 
parts as well as systems and tools for design and produc- 
tion account for an annual turnover of several billions of 
DM. Many SMEs work in these markets and currently hold 
a strong position precisely in promising products with an 
applied orientation that are customized for each small 
customer segment. 


The following are examples of applied fields where the use 
of microsystems engineering will lead to faster, more 
secure, accurate and inexpensive solutions: 


—Analyzing tiny quantities of substances or measuring out 
doses of medications requires concentrating input, 
transport, output, measurement, assessment and infor- 
mation transmission in a very small space. To do this, 
micromechanical valves, channels, pumps and sensors 
have to be coordinated in the most uniform technology 
possible. 


—Optically measuring surface quality, flows, distances or 
other things will become feasible with precision using a 
microlaser. A semiconductor laser excites a solid-state 
crystal via a lens into a “laser beam.” In doing so, power 
supply, information status and output and cooling are 
integrated in minimum space (two cm edgewise) on a 
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silicon substrate. The result will be the availability of a 
device that is 100 times smaller. 


—lIn the future it will be possible to measure subcutaneous 
blood sugar content using a sensor of only 0.5 mm 
diameter. In this way, diabetic patients can be observed 
all day long over several days in order to be able to 
determine the necessary dose of insulin. It will especially 
possible to give a timely alert to patients who might end 
up in a life threatening situation as a result of uneven 
amounts of too much or too little sugar. 


—Measurement and analysis of extremely fine tempera- 
ture differences, extremely small movements or tiny 
amounts of gas will become feasible using a pyroelectric 
microsystem. Depending on what the customer wants, it 
will be possible to produce extremely simple safety 
devices, hands-off “thermo-” (pyro-) meters and highly 
sophisticated heat imaging equipment in miniaturized 
format. The uncooled infrared sensor and signal pro- 
cessing on a chip will also enable significantly improved 
sensitivity and accuracy. 


—Precision movement of tools or large parts by hun- 
dredths of a millimeter requires sophisticated mechan- 
ical or electrical drives. Microsystems solutions com- 
bining tiny sensors, microelectronics and a new electric 
drive allow positionings with ten thousandths of a 
millimeter precision after, for example, covering a dis- 
tance of one meter. 


Successiul exploitation of the opportunities of microsys- 
tems engineering presupposes in companies the ability to 
solve a number of problems. Besides financing risky 
product innovations, there is foremost the capacity for 
technology management. Experiences in introducing 
microelectronics have already clearly demonstrated that 
innovations in one part of the firm have considerable 
impact or other parts. Introduction of microsystems engi- 
neering is more difficult by yet one more order of magni- 
tude than that of microelectronics. If microsystems engi- 
neering is to be made useful for product innovation, 
employees will have to learn systems thinking. Then 
microsystems engineering will obtain a key function even 
for the improvement of innovative management as such. 


SMEs therefore are at the core of the support focus for 
“microsystems engineering” that has been ongoing since 
February 1990, since they bump up against the limits of 
their effectiveness in the use of new technological options 
faster than large firms. Depending on the respective pro- 
duction process, for example, it is necessary for specific 
microtechnologies that typical minimum quantities be 
produced annually on a production line for the invest- 
ments to pay off. It is therefore not economical for SMEs 
to develop fully in-house design and production entailing a 
number of modern microsystems engineering process tech- 
nologies. For this reason an effective network of engi- 
neering services is needed to enable even SMEs to exploit 
the latest technologies for themselves. 


A cluster of substantively interlinked support activities is 
to support the private sector’s own initiative: 


—combined project support, 
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—indirect-specific support, 
—support for technology support and cross-outputs. 


SME and research institute combined projects should close 
the gaps currently discouraging use of microsystems engi- 
neering for product development in such firms. By con- 
tributing essential know-how, it is possible even for large 
companies to be supported to a limited extent in the 
context of combined projects. As of late 1992, 34 com- 
bined projects with 227 component projects have been 
approved for a total volume of DM1 53 million. It thereby 
turns out that—contrary to prevailing opinion—combined 
projects could be designed to interest SMEs even at a total 
support quota between 30-50 percent. As of 1991, ca. 
DM33.5 million have been provided for combined 
projects at 21 firms and 33 research institutes in the new 
laender. In the meanwhile, joint combined projects have 
become the rule for applications in the focal point of 
microsystems engineering. 


The point of departure for indirect-specific support is the 
development of prototypes. It no longer entails a narrowly 
outlined new technology but the solution of diverse inno- 
vative management responsibilities: choosing and mas- 
tering a spate of technologies that can be applied to 
creating microsystems. Also supported for the first time 
are third-party contracts for professionalization and orga- 
nizational adaptation to lay the groundwork for rapid 
development, production and market introduction of the 
new product. 


Incoming applications for indirect-specific support activi- 
ties in the first 13 months that the microsystems engi- 
neering focal point ran were triple what had been antici- 
pated: 535 firms submitted applications for the 
development of sensors, movable parts or signal processing 
components. Once the support policy goal of an innova- 
tion incentive for the firms was realized earlier than 
originally expected with a total application volume of 
nearly DM150 million, it was possible to terminate accep- 
tance of applications for such support activity by 19 March 
1991. By the end of 1992, DM123 million had been made 
available for this purpose. 


Technology transfer is of central importance for microsys- 
tems engineering. The results from combined projects, 
from other specialized programs of the BMFT, from 
relevant domestic and foreign R&D activities, should be 
made available in processed form to SMEs. Useful in this 
respect in particular are 


—technology surveys that are currently available, and 
—service centers having technology consultants. 


The service centers are supported with subsidies for a 
limited period of a few years so that the centers then have 
to hold their own on the services market. Service offers 
exist in the meanwhile for all pertinent technologies, e.g., 
fiber optics, micromechanics, development and network 
engineering as well as for signal processing designs, testing 
processes and standardization. 
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A concomitant assessment and evaluation of the support 
focus supplies decision makers in industry and supporters 
with timely information on the status of R&D in microsys- 
tems engineering as well as on gaps that need to be filled 
through targeted R&D. 


Computer Science 


Computer science is the theoretical, experimental and 
constructive science of information systems, programming 
them and rendering them useful. In fewer than three 
decades it has developed from a small scientific nucleus 
into an important factor important for broad segments of 
our economy and society. It has by now become a basic 
and cross-discipline for most developments in science, 
research, education, economy, engineering and public 
administration and not least in the private sector. 


Support for computerization under the future concept of 
information technology is concentrated on the core 
responsibilities of: 


—artificial intelligence, 


—state-of-the-art computing, high-level parallel solutions 
and systems, 


—neurocomputerization, 
—biocomputerization, 


—definitely improved security for systems and applica- 
tions software and systems durability. 


Such developments constitute a tall challenge and they 
demarcate areas that for the foreseeable future will be the 
basis for important innovative thrusts in information 
technology and application of it. 


Included in the field of artificial intelligence [Alj as critical 
component disciplines are knowledge-based systems and 
computer recognition and comprehension of images and 
speech. 


In the component sector for knowledge-based systems new 
processes and methods of processing knowledge are 
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explored, e.g.. representation of knowledge on the com- 
puter (development of the knowledge base) and deductive 
mechanisms. One general deficiency of knowledge-based 
systems developed so far is being limited to a narrowly 
restricted area of competence and a lack of ability to be 
able to derive general knowledge for a solution indepen- 
dently of input. 


Knowledge-based systems are supported by the BMFT on 
a focal point basis at the German Research Center for 
Artificial Intelligence (DFKI). The DFKI arose in 1988 on 
incentive from BMFT with headquarters in Kaiserslautern 
and another site in Saarbruecken as an industry founda- 
tion (nine firms), the Society for Mathematics and Data 
Processing mbH (GMD), the FhG and the two laender of 
Rhineland-Palatinate and Saarland. After a specialty and 
personne! development phase, the DFKI has now realized 
full operationability and produced research results that are 
highly regarded internationally in the fields of knowledge 
representation, computer linguistics and document anal- 
ysis. 


Another important component sector of Al is image com- 
prehension, i.e., interpretation of motion pictures and 
natural scenes. Significant research results have now been 
realized here under the overall leadership of the motor 
vehicle industry in the EUREKA combined project 
PROMETHEUS (PRO-ART). Using just visual lane rec- 
ognition was possible for a test vehicle steered by a camera 
to travel at 100 km/h over a test stretch of freeway. Since 
then other computer refinements have been added, e.g., 
recognition and avoidance of hindrances. In general, auto- 
matic recognition and interpretation of road scenes should 
be able to alert and support the driver in critical situations. 


In the field of recognition and comprehension of spoken 
and written language as a third Al component sector, the 
aim, first, is to integrate current research in the field of 
speech (spoken word) recognition and language (written 
speech) comprehension that are widely separated from one 
another into a new architecture in order to realize state- 
of-the-art systems. Second, research will extend to inter- 
pretation of spontaneously worded expressions in a foreign 
language. With the support of the VERBMOBIL project, 
over the long term the goal striven for will be to develop a 
sustainable interpretation system for spontaneously 
worded dialogs in negotiating situations. The private sec- 
tor’s major interest in this project results not only from 
VERBMOBIL’s direct goal but also the many spin-offs, 
like acoustic typewriters, notebooks, data input of all kinds 
and automated interpretation/translation of languages, 
films, etc. 


In addition to such activities, the BMFT has supported the 
DFG since 1985 with additional financing for its special 
“AI” research sector to enhance basic research at univer- 
sities. That concomitant BMFT program will expire with 
the year 1993. 


After almost 10 years of support for basic research in the 
Al sector, the BMFT in the future will concentrate its 
commitment directly on R&D activities with an applied 
onentation 
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Associated with the transition from traditional sequential 
information processing to (fine-grain) distributed and par- 
allel storage and processing of data in neural networks is 
the special capability for (data driven) learning and the 
possibility of the associative supplementation of partial 
data through knowledge existing in the system. Such 
flexible and adaptable systems mimic nature. They will 
have very broad applied prospects. A large portion of 
current ordinary programming in such computer systems 
could be replaced by “teaching” or “training.” Neurocom- 
puterized systems will presumably be especially good for 
associative input. 


In an initial support period 1988-1990, neurocomputeriza- 
tion in the FRG was placed on a sustainable basis. Since 
1991 a broadly designed stage of combined research has 
been based on that, and at present private sector firms are 
also participating in it. The main theme of the combined 
project is the development of flexible autonomous systems 
(¢.g., robots) that are able to use their various kinds of 
sensors to explore their natural environment and act in it. 


Under biocomputerization support launched in 1993, other 
learning effects from biology and medicine are to be 
realized. This will first entail also continued development 
of information technology for applications in biology and 
medicine. 


Strong thrusts for innovation are based especially on 
molecular biocomputerization. Even at present through 
the use of special methods it is possible to “read” the 
blueprints for entire organisms. The scope of molecular 
biological data to be processed in this connection is 
multiplying explosively. This applies especially to the 
ongoing international broadscale genome projects. The 
task of biocomputerization here is to come up with new 
methods for assessing the data that will facilitate intelli- 
gent access to large biological databases and their effective 
management. This will lay the groundwork for decoding 
the total genetic information (=genome) of individual 
organisms that could lead to new industrial, medical, 
agricultural and ecological applications. By predicting the 
structure and function of proteins a so-called protein 
design will be possible that will endow proteins in a 
targeted way with new properties. In this fashion, e.g., new 
medicines, vaccines, biosensors or materials with wholly 
new materials properties can be developed. 


Another direction for biocomputerization involves devel- 
opment of evolutionary algorithms that describe optimum 
strategies learned from nature. Evolutionary development 
processes that make optimum adaptation to the natural 
environment possible for living things over long periods 
could be converted into computer programs after drastic 
simplification and abbreviation and those could solve 
complex optimization problems for which ordinary math- 
ematical processes might be useless. Such highly complex 
problems surface, e.g., in systems and circuitry design, in 
collision avoidance for robots, in machine utilization 
planning and optimum efficient aerothermodynamic level. 
Support for this innovative component sector of biocom- 
puterization was initiated in 1993. 





This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 

















JPRS-EST-94-019 
18 August 1994 


At the end of 1991 a symposium commissioned by the 
BMFT on state-of-the-art computing was held and con- 
cluded that new massively parallel computers entailing a 
jump in performance of three orders of magnitude (up to 
teraflops) as compared with current vector computers will 
be available in a few years. Their prospects for application 
in sectors like fluid mechanics, molecular chemistry, bio- 
technology, weather forecasting, climate research, etc. are 
sO important, based on the assessment of scientists, that 
economic gains from later application of such computer 
systems will probably far outweigh the R&D expenditure 
currently required. Appropriate R&D activities are being 
prepared to prepare academia and the private sector for 
these new computer prospects. 


In an effort to increase the efficiency of software produc- 
tion, software technology in the direction of “Computer 
Aided Software Engineering” (CASE) has continued to be 
developed. An example that may be mentioned at this 
point is the EUREKA-Project “EUREKA Software Fac- 
tory” (ESF) along with the EUREKA “OPERA” (ECMA- 
PCTE) standardization project. 


The insights gained therein, primarily targeting software 
developments for traditional supercomputers (vector com- 
puters), are now proving to be quite useful for the urgently 
required development of software for new architectures 
(massively parallel systems). 


Increasingly moving to the fore is the problem of security 
and reliability for information technology systems. Such 
systems are subject to diverse risks from improper han- 
dling. The gamut ranges from spying out specific data 
through manipulations for the purpose of enrichment all 
the way to sabotaging of computer systems or programs 
(e.g., computer viruses). Included in the theme of security 
also is the accuracy of software. There is no guarantee for 
the absence of error from manually-produced software. 
Errors, however, may be the source of considerable 
damage if, for example, they surface in programs for 
control systems for chemical processes, power plants, 
medical equipment or other tasking entailing high 
demands for security. 


The results of a BMFT pilot project on computer security 
were published in the fall of 1989 in the form of a book 
(“Manipulation in Rechnern und Netzen” [Manipulation 
of Computers and Networks], published by [Verl.] Addi- 
son-Wesley, International Standard Book Number (ISBN) 
3-89319-258-1). They primarily provided clarification for 
the computer operator and assisted in enhancing security 
against unauthorized manipulation of software. Since 
1991, on the basis of that information, broadly designed 
combined projects with industrial participation have been 
supported on the problem of “software accuracy,” the 
KORSO project, and on systems’ resistance to manipula- 
tion in the “reference model [REMO] for secure informa- 
tion technology [IT] systems,” the REMO project. 


A number of BMFT activities in the computerization field 
are impiemented through international cooperative activi- 
ties. Worth highlighting in this connection, among others, 


is the regularly held ““German-Japanese Information Tech- 
nology Forum,” the German-U.S. Cooperation in the 
“Institute for Computer Science (ICSI)” in Berkeley, and 
German-lIsraeli cooperation. 


EC Information Technology Programs 


The indicated importance and roie of information tech- 
nology as a cross- and key technology for Germany's 
economic development naturally also applies to all of 
Europe. The information technology industry (electronics, 
computers, office technology and entertainment elec- 
tronics) internationally is registering sales of $737 billion 
(1989) and trending upwards; in the EC, sales of them 
amount to ca. $220 billion, equivalent to nearly five 
percent of the Community’s gross social product. That 
figure will climb to 10 percent by the year 2000 (Source: 
OECD). This dynamism is even exceeded by the growing 
dependence of branches on information technology com- 
ponents and systems. Nearly two thirds of all jobs in 
Europe are directly or indirectly dependent on information 
technology. 


The EC Commission [ECC] in 1991 submitted a situation 
analysis of the status of Europe’s information technology 
industry and noted weaknesses in the semiconductor and 
peripheral equipment sectors and in entertainment elec- 
tronics. The EC Commission subsequently proposed spe- 
cific activities to improve the competitiveness of Europe's 
information technology industry encompassing the areas 
of demand, research and technology, training and external 
relations. In this connection it attributes critical impor- 
tance to the initiative and responsibility of firms and their 
ability to exploit the opportunities of Europe’s internal 
market. The federal government included its position on 
those proposals in the resolution of the council of EC 
industrial ministers on 18 November 1991. Focus on the 
global market has to apply also to information technology. 
Restrictive trade policy measures to protect one’s own 
market are rejected. 
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The Community’s action therefore complements imple- 
mentation of the federal government's concept of future 
information technology. With its support concept for 
information technology the federal government is tar- 
geting an improvement in Germany's research and tech- 
nology position; on this basis appropriate joint design and 
collaboration on community programs that are more 
heavily focused on application are made possible. 


The following survey affords an overview of the nature and 
scope of ECC IT support measures in the field of informa- 
tion technology under the third FE framework program (cf. 
part V, sect. 1.1): 





Survey of EC IT Support Programs 1990-1994 

















Program Support funding in 
millions of BCU*) 
1. Research and technological development 1,532.0 
in the area of information technologies 
(ESPRIT) 
A —E . — = — 
2. Research and technological development 554.0 
in the area of communications technologies 
(RACE) 
3. Research and technological development 430.0 


in the area of generally relevant computer 


| 

a 

| 
communications systems (TELEMATICS) 





*yncluding EC Commission personnel and administrative costs 





1988-1992 Production Engineering Program 


The BMFT's production engineering program that was 
launched in Apri! 1988 with a support volume of ca. 
I5M500 million, supports the development of promising 
future production technologies in combined projects, 
broadly effective technology transfer and the introduction 
of computer integrated manufacturing, especially in SMEs 
National and international—above all, European— 
cooperation in production engineering was intensified. 
The support possibilities afforded by the program were 
intensively used by the private sector, and research and the 
support funding has been exhausted. 


German unification was the occasion for including scien- 
tists from the accession areas in combined projects for 
production engineering, for financing the development of 
technology transfer centers in the new laender and to 
resume indirect-specific support of development projects 
to introduce computer integrated manufacturing for the 
accession area in the period between 1992-1995. 


Worth emphasizing in the 1988-1992 production engi- 
neering program foci 1s: 


Computer-Integrated Manufacturing, CIM 


The goal of the support is to use CIM solution over the 
long term to ensure competitive manufacturing with a 
humane design in the labor process. 


To stimulate and accelerate private sector application of 
modern information technology as an important manufac- 
turing component the following are supported: 
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Broadly Effective CIM Technology Transfer 


Substantive and empirical knowledge from CIM research 
and CIM applications are being disseminated and 
imparted for broad industrial use. 


CIM technology transfer centers offer seminars, work- 
shops, colloquia and orientational consultation plus prac- 
tical demonstrations at pilot facilities. With their orienta- 
tional assistance they supplement the offerings of 
professional! corporate consultants and are available to all 
interested firms. Technology transfer that answers espe- 
cially to the requirements of SMEs includes the following 
thematic sectors: 


Higher strategic aspects 


¢ CIM definition and CIM basic building blocks 

¢ (CIM strategy as part of corporate strategy 

¢ Analysis and restructuring of the factory 

¢ Action for CIM planning and introduction 

¢ Personnel development, professionalization, scien- 
tific job knowledge 


Technical components for interlinkage 


¢ Communications technology 
* Interfaces, networks 
¢ CIM databases 


Starting points for realization of CIM in the firm 


¢ Linking of CIM components 

« CIM production islands 

* CIM assembly line planning 

¢ (CIM in customized production 

¢ Expert systems in CIM 

¢ Work site information system in the CIM group 

* Design knowledge activity and engineering for CIM. 


There were 21 CIM technology transfer centers estab- 
lished, including five in the new laender at the TUs of 
Dresden, Magdeburg and Chemnitz plus the technical 
colleges of Iimenau and Wismar. The offering of such 
technology transfer centers benefits SMEs primarily. 
Between 1988-1992 more than 3,000 information events 
were held with more than 35,000 participants. The exper- 
tise is published in a serial publication’”. 


Nearly DM62 million were provided for CIM technology 
transfer in the original laender between 1988-1992, and 
DM22 million approved for the new laender between 
1991-1993. 


Standardization in the CIM sector 


Defined, internationally accepted interfaces among com- 
ponents for CIM solutions are increasingly becoming fac- 
tors determinative of success for Germany's export- 
oriented industry. The project, “Scientific Bases and 
Additional Work on CIM Interface Standardization,” has 
been supported between 1988-1992 with a total of DM18 
million to accelerate the nation’s CIM standardization 
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project, to actively collaborate in international standard- 
ization in this field and to lay the scientific groundwork for 
standardization. That project is tied in with the activity of 
the German Standardization Institute e.V. (DIN), which is 
tackling standardization initiatives with the CIM commis- 
sion in DIN, assesses standardization projects and vigor- 
ously supports the transfer of the tenor of the standardiza- 
tion into European and international standardization. 


Indirect-Specific Support for CIM Application 


This support activity was published in May 1988 and quite 
rapidly embraced by firms in Germany’s original laender. 
By July 1989 a total of DM300 million in support funding 
had been approved. !t supported the interlinkage through 
information technology of computer-aided systems in 
more than 1,200 businesses. Approximately 90 percent of 
the supported firms have fewer than 1,000 employees. The 
measure was directed at manufacturers of production 
engineering equipment that have a key function in general 
for industry as “suppliers of productivity” and that are 
fully exposed to international competition with their high 
percentage of exports (1990: 60 percent). 


Because of the pressing need for firms in the new laender 
to modernize their production cycles and processes this 
indirect-specific support for CIM application in the new 
laender was resumed. Between 1992-1995, DM100 million 
are being applied for this purpose. 


New Manufacturing Technologies 


The development of advanced manufacturing technologies 
is supported with combined projects in which cross-firm 
problems of promise for the future are solved that involve 
process development, tool design, process monitoring, 
work design and broad application of R&D results in the 
collaboration on a division-of-labor basis of a number of 
firms and research institutes. The foc: include: 


New Manufacturing Processes 


New manufacturing processes and the machine systems for 
applying them are necessary to steadily continue to 
increase the competitiveness of processing and handling 
processes. Concurrently—above all in connection with 
automation technology—work conditions in manufac- 
turing are improved, environmental friendliness ensured 
and energy consumption minimized In combined projects 
new processes are being developed for: 


Massive forming 

Sheet metal forming 

High-precision machining 

Production of fiber composite components 
Hard processing of high-performance ceramics. 


Automated Assembly 


Under EUREKA, cooperative projects in the area of 
flexible automated assembly line systems (FAMOS) are 
supported. The projects contribute not only to technology 
development but also to European integration by affording 
a framework for cooperation among EC country scientists. 
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German scientists and engineers are currently engaged in 
15 FAMOS projects including 10 supported through 
BMFT support. Thirty firms—including 20 SMEs—are 
collaborating in those 10 projects and five research insti- 
tutes, some of which now come from the new laender. 


The BMFT is supporting the German partners in FAMOS 
combined projects with ca. DM44 million. 


Altogether, under the production engineering program 
between 1988-1992, 58 research institutes and 95 indus- 
trial firms have been supported in 25 combined projects 
with nearly DM140 million. The industrial firms bear at 
least 50 percent of their expenses and also as a rule assume 
25 percent of the expenses of the research institutes. 


Additional Activities 


Besides support for CIM and new manufacturing technol- 
ogies in the production engineering program there is 
support for the dissemination of results, TA and assess- 
ment of the impact of technology and international coop- 
eration. 


Production Engineering for Cottage Industries 


The use of modern production engineering and the educa- 
tion and continuing training required for it is also sup- 
ported for Germany’s cottage industries. Based on the 
current knowledge of a technological college there was 
developed and tested in a model project in the metal and 
technology center of the small trades chamber in Koblenz 
between 1987-1991, training concepts for the use of CAD 
systems on mini-computers and of PCs in advanced occu- 
pation training in cottage industries. The project was 
supported by the BMFT with DM1.7 million. 


Dissemination of Results, TA 


At various presentations and fairs, e.g., Hannover fair, 
EMO [World Machine Tool Fair], METAV, the develop- 
ment trends, centers and results were reported on that had 
been supported between 1988-1992 by the BMFT under 
the production engineering program. 


Between 1988-1992 nearly DM4.2 million were applied in 
the production engineering program for TA and assess- 
ment of its impact. Projects are being processed for 


* assessment of indirect-specific support for CIM appli- 
cation 

¢ CIM implementation and work organization struc- 
tural innovation 

¢ Professionalization-oriented work organization in 
development and design as an approach for managing 
CIM introduction and product innovation. 


Specific issues on engineering design are also worked on in 
the combined projects. 
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CIM opportunities and risks were assessed by a commis- 
sion of experts (also see chap. 22). 


Bilateral Cooperation 


There are bilateral projects in the production engineering 
sector with the countries of Indonesia, Singapore, U.S., 
Hungary and the PRC. 


EC Activities in the Production Engineering Sector 


Since 1989/90, ESPRIT II has included the following CIM 
areas of specialization 


¢ CIM architecture and communication 

* Design and implementation of manufacturing sys- 
tems 

« Systems for product design and analysis 

¢ Management and manufacturing control processes 

* Robot technology and worksite sysiems 

¢ Exploratory actions. 


In the new 1991/94 ESPRIT activity program, lines of 
activity in the field of “Computer Integrated Manufac- 
turing and Engineering” (CIME) for 


* architecture and infrastructure for CIME 
* management and design of industrial firms 
* mechatronics, robotics and sensor technology. 


are announced. Research institutes and firms from the new 
laender are comprehensively included in this European 
cooperation. 


In the EC’s R&D program on manufacturing technologies 
and new materials, Basic Research in Industrial Tech- 
nology for Europe and European Research in Advanced 
Materials (BRITE-EURAM), production engineering 
responsibilities are addressed with the themes: 


* modern production processes for special industrial 
purposes that are especially significant for SMEs 

* production processes for flexible materials 

* new surface technologies for increasing the resistance 
of industrial components to materials fatigue, aggres- 
sive environmental conditions, high temperatures, 
wearing, etc. 

¢ new and improved technologies for forming, joining 
and bonding. 


Quality Assurance Program 1992-1996 


We owe the export success of our industry not only to 
competitive pricing and supply capacity that matches 
demand but also essentially to product quality. The “Made 
in Germany” label incorporates a plethora of features like 
customer-tatlored functions, performance, reliability and 
service. This high esteem is not least the result of efforts in 
research, development, production, highly-qualified 
expert labor and the wealth of corporate ideas in Germany. 


Intensifying international competition demands greater 
efforts from our industry to uphold the high quality 
standard and continue to improve it. The associated 
challenges for companies can only be managed with a 
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holistically-oriented quality strategy that demands radical 
change in the fine-tuning and behavior of each and every 
participant in addition to the solution of industrial, eco- 
nomic, organizational and technological problems. A 
holistically-oriented quality strategy saves on resources 
and leads to savings through less material, less waste, less 
refinishing, less energy and fewer complaints. What is 
more, customer pressure for introduction and rigorous 
proof of quality assurance systems will continue to 
increase even more especially in branches with a high 
percentage of exports. 


The goal of the BMFT’s quality assurance program is to 
stimulate our firms by providing know-how, through coop- 
eration and information, to introduce integrated quality 
assurance systems on an accelerated basis so they can hold 
up to international competition; this applies above all to 
SMEs. This program provides support totaling DM350 
million for the following activities: 


Support for Basic Research 


On the incentive of the BMFT, the German research 
community has instituted the focal point program “Inno- 
vative Quality Assurance in Manufacturing” that is sup- 
ported until 1994 by the BMFT with a total of DM7 
million. 


The following thematic sectors are tackled: 


¢ methods of preventive quality assurance even in the 
introduction of new technologies (simulation 
methods and knowledge-based systems approaches) 

¢ development of interlinked information processes 
(control loops) for quality support and control 

¢ methods for quality- and function-based workpiece 
description and tolerance taking into consideration 
manufacturing, testing and servicing technologies. 


The theme of quality assurance is a cross-responsibility of 
various specialized lines and therefore requires an inter- 
disciplinary approach. For this reason seven groups of 
researchers were installed at universities in which a number 
of research institutes from different disciplines, e.g., 
quality science, labor science, business science and produc- 
tion engineering cooperate on a super-regional basis. The 
researcher groups are to engage not merely in cutting-edge 
research but simultaneously also lay the basis for broad, 
professionalized training. A total of 40 teams from 32 
institutes is participating here. Total allocations of nearly 
DM22 million have been approved for the duration, 
amounting to three or three and a half years. 


Combined Projects for Quality Assurance 


There is support for combined project for precompetitive 
R&D for quality assurance wherein practicable solu- 
tions—above all for SMEs—are to be formulated in coop- 
eration with firms and research institutes. 


The combined project foci are the following thematic areas 
that were identified through exhaustive expert discussions 
and workshops with experts from industry and academia: 
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¢ methods and aids for implementing DIN/ISO [Inter- 
national Standards Organization] 9000 ff [and fol- 
lowing] for introduction of quality assurance systems 

¢ quality support organizational and management 
structures 

¢ information systems for supporting quality assurance 
in manufacturing and service sector companies 

* economic issues of quality assurance 

* acquisition of knowledge and implementation of fac- 
tors impacting quality 

¢ quality assurance in the integration of comprehensive 
systems. 


The first mentioned theme was publicly announced as the 
quality assurance program’s lead project in August 1991. It 
met with extraordinarily great, cross-branch interest. On 
the basis of numerous project proposals with nearly 790 
participating partners the following coordinated cluster of 
activities was conceived: 


—fundamental future-oriented R&D responsibilities 


—developments for practical introduction of quality 
assurance systems. 


The firms are cooperating in ca. 40 panels to exchange 
experience with other firms and for mutual support. 


For the remaining five combined projects, discussions 
have been initiated with the interested parties on struc- 
turing in terms of content and a division of labor. 


Standardization for Quality Assurance 


Norming and standardization play a critical role in current 
market collaboration, particularly in terms of the uni- 
formization of the EC internal market; this also applies 
specifically to the area of quality assurance. 


As in other technological areas that are undergoing rapid 
change, the standardization of quality assurance interfaces 
cannot wait for a specific level of development to prove 
itself in practice. Instead, standardization has to be 
included as an integral part of technological R&D from the 
outset. 


In order to develop a well-founded scientific basis in 
Germany for standardization of interfaces in the quality 
assurance sector, a working group from relevant research 
institutes was formed in cooperation with the DIN. This 
group is to function as national research centers for 
industry by jointly tackling with it critical R&D themes, 
working on them and including them in the standardiza- 
tion activity. An important contribution should thereby be 
made no least to improving the international presence and 
representation of German interests in European and inter- 
national standardization activity. Between 1993-1996 a 
total of nearly DM18 million has been approved for 
allocation for this purpose. 


Broad Implementation of Quality Know-How 


The tasking of the researcher groups and the combined 
projects is designed so that the necessary know-how for 
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effective quality assurance can be formulated and intro- 
duced for the broadly effective professionalization of 
employees in industry and business. To improve the 
implementation of know-how and experience and to close 
any gaps still existing, technology transfer via existing 
scientific institutes and facilities is supported with the 
following activities: 


* spreading and disseminating general information on 
quality assurance measures and quality assurance 
systems (e.g., development trends, R&D results, expe- 
rience) 

* orientational advice on fundamental action in devel- 
oping appropriate designs and in constructing quality 
assurance systems 

* conducting seminars, workshops, business games, etc. 
aimed at quickly transferring with broad effectiveness 
insights from research groups, combined projects and 
standardization activity as well as experience with 
introduction over into corporate practice 

¢ demonstration of solutions as examples for imple- 
mentation of quality know-how inside firms 

* organization of events for an exchange of experience. 


The main target groups of such measures are SMEs. The 
respective sponsors of implementation should closely 
cooperate with one another but also proceed therein on a 
division-of-labor basis. They should tailor the activity 
being offered to the respectively specific requirements of 
one or more target groups (e.g., different private sector 
groups). New methods of technology transfer should also 
be broached to reach a broadly diverse group of individ- 
uals and to raise general awareness of the importance of 
quality as a competitive factor. 


10. Biotechnology (Support Sector K) 


At present biotechnology is one of the key fields for 
technological development and innovation in a modern 
industrial society. The innovation process is sponsored by 
industrial firms and research and educational institutions. 
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Federal R&D Outlays for Production Engineering (in 
millions of DM) (Outlays include the production engi- 
neering program and large research institute outlays) 


Key: 1. Actual; 2. Projected; 3. Administration-bill 
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The latter include laender-financed universities, GFEs 
jointly financed by federal government and laender, e.g., 
the Society for Biotechnological Research (GBF), blue list 
institutes and other publicly supported institutes such as 
the gene centers in Berlin, Heidelberg, Cologne and 
Munich and the internationally financed European Molec- 
ular Biology Laboratory (EMBL) in Heidelberg. 


Biotechnological research is supported under the federal 
government with various tenors respectively by, among 
others, jurisdictions such as BMFT, BML and BMG. 


With German unification, the responsibility arose of 
developing the research scenario in the new laender in the 
area of biotechnology. As early as 1990 a number of 
research policy measures had been introduced, including, 
e.g., a DMS5-million emergency support program plus 
extension of combined and focal point projects to research 
centers in the new laender. Measures were also taken for 
supporting a highly qualified subsequent generation of 
scientists and for supporting SMEs in the field of the 
biosciences. 


Such support appropriations from the specialized program 
have been a meaningful accompaniment, among other 
things, to the assessment of the bioscientific institutes of 
the GDR’s former AdW introduced by the science council. 


“Biotechnology 2000” Support Program 


In July 1985, the federal government published a prelim- 
inary program for support, “Applied Biology and Biotech- 
nology,” and thereby delineated the framework for beefed- 
up support for biological and biotechnical research in 
Germany. This development was continued and expanded 
with the “Biotechnology 2000” program published in 
1990. 


Program Framework 


The aim of all biotechnological process is to optimize and 
ultimately industrially to exploit specific physiological and 
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biochemical metabolic activities of biological systems. Not 
only are whole plants and animals suited for this, but 
especially microorganisms like bacteria, yeasts and other 
molds and to a limited extent even single-celled algae as 
well as the cell and tissue cultures of higher plants and 
animals. Even the enzyme’s diverse potential for synthesis 
is finding increasingly new and important applications for 
intra- and extracellular metabolic processes. The useful 
symbiosis of biology and process engineering affords a 
great opportunity to have more and more natura! materials 
and efficiently exploit them as resources. 


New biological methods like genetic engineering or cell 
culture engineering and even newer developments of bio- 
process engineering and enzyme engineering are conirib- 
uting to a rapid development of biotechnology. The federal 
government’s support activities should help deepen biolog- 
ical knowledge through broadly designed basic research, to 
improve the bases for innovations developed from them 
and to exploit the future opportunities latent therein. In 
this way the federal government is creating the basic 
research-policy and economic conditions for improved use 
of the manifold applied possibilities of biotechnology— 
from agriculture through nutrition, environment and 
health all the way to obtaining raw materials and energy. 


Support Activities 


The spectrum of support activities in the federal govern- 
ment’s biotechnology program include 


—institution support for biotechnology 
—support for basic research in bio- and genetic-technology 
—central focal point projects and the “gene centers” 


—support of the biotechnology industry, especially of 
SMEs 


—theme-related combined research and project support. 
The measures target 


—under research policy aspects, development of a new key 
technology 


—the solution of present and future official responsibili- 
ties, for example, in environmental and safety research, 
medical and agricultural research 


—the improvement of innovation requirements in the 
private sector. 


Institutional Support of Biotechnology 


Institutional support in biotechnology includes the GBF 
and the blue list institutes in the new laender (Institute for 
Molecular Biotechnology in Jena, Institute for Neurobi- 
ology in Magdeburg, Institute for Plant Genetics and 
Cultivated Plant Research in Gatersleben, Institute for 
Plant Biochemistry in Halle; cf. also part VI, chap. 4). 
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GBF 


The GBF performs basic research with an applied orien- 
tation in the research foci of biosynthesis and biocatalysis, 
biomolecules and molecular design, environmental bio- 
technology and bioprocess development. Following a 
period of structural, thematic and personnel reorganiza- 
tion new thematic foci were placed in the areas of cell 
culture engineering and protein design (also see part VI, 
sect. 3.2.5). 


Under the terms of its statutory contract the GBF fulfills a 
bridge function between scientifically-oriented basic 
research on one side and development-oriented industrial 
use on the other. In the cooperation between academia and 
the private sector, new emphases have been placed through 


—founding of the Center for Applied Protein Engineering 
(CAPE), where, jointly with 11 partners from the chem- 
ical-pharmaceutical and hard- and software industries, 
projects for protein modeling are implemented, 


—cooperation with industry in the pharmaceutical, food- 
stuff and environmental sectors, 


—GBF’s function as a service unit for academia and 
industry (database systems, cell culture technology col- 
lege, advanced training program). 


Blue List Institutes for Biotechnology 


There are currently four blue list institutes under develop- 
ment in the new laender. The /nstitute for Molecular 
Biotechnology in Jena is to cooperate closely with the 
Hans-Knoell Institute for Research on Natural Substances, 
also under development, and with firms throughout the 
area of Thuringia. Foci are to include development of 
processes and equipment for genome and non-genome 
analysis and goal-oriented biosynthesis (cf. also part VI, 
chap. 4, nr. 82). 


The /nstitute for Neurobiology in Magdeburg is to operate 
as a center for interdisciplinary basic neuroscientific 
research in close cooperation with the Medical Academy of 
Magdeburg dealing with fundamental problems on the 
function of the nervous system and diseases of it. The 
institute, with its thematic foci, complements the institutes 
already existing in the original laender (cf. also part VI, 
chap. 4, nr. 72). 


The Institute for Plant Genetics and Cultivate Plant 
Research {IPK] in Gatersleben deals comprehensively with 
resource, evolution and ontogenesis research foci; close 
cooperation with Martin Luther university (MLU) in Halle 
is striven for in this connection (cf. also part VI, chap. 4, 
nr. 74). 


The /nstitute for Plant Biochemistry (IPB) in Halle is 
pursuing the foci of chemistry and function of plant 
materials plus molecular ecophysiology with the research 
foci of natural substances, hormone and stress research. 
Here too close cooperation is being cultivated with the 
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MLU in Halle and the federal facility for varietal research 
on cultivated plants in Quedlinburg (cf. also part VI, chap. 
4, nr. 73). 


German Microorganisms Collection (DSM) 


The DSM lists over 7,000 different apathogenic bacteria, 
plasmids, yeasts aad molds in its catalog and offers ser- 
vices like patent deposit, identification service, isolation 
and identification of microorganisms. Between 1987-1989 
the DSM’s offer was expanded to additional microorgan- 
isms, plasmids, human, animal and plant cell cultures and 
plant viruses. On | January 1992, the deposit center for 
microorganisms (IMET-collection) in the former central 
institute for microbiology and experimental therapy in 
Jena was taken over by the DSM as a satellite with a special 
collection of phages and relevant microorganisms. 


The DSM is a node in the network of EC member state 
European collections. It also cooperates internationally 
with all recognized collection centers. 


Agricultural Research Facilities 


Under agricultural research facilities in the purview of the 
BML, biotechnological research is intensely supported in 
terms of institutions and projects. The foci here are 
improved animal and plant protection, increasing plant 
fertilizer assimilation capabilities and increasing the 
quality of agricultural products plus safety research. In the 
recently founded Federal Institute for Varietal Research 
on Cultivated Plants in Quedlinburg, plant biotechnology 
is dealt with (also see part VI, sect. 5.5.11). 


Support for Basic Research in Bio- and 
Genetic-Technology—Central Focal Point Projects and 
“Gene Centers” 


In the early eighties genetic engineering was still barely 
widespread in Germany. There was above all a lack of a 
well-trained next generation of scientists and equipment 
capacities. 


Hence the “gene centers” in Berlin, Cologne, Heidelberg 
and Munich were instituted as research foci targeting the 
application, optimization and broader introduction of new 
molecular biological technologies. Especially strong areas 
of biotechnology development were broached with addi- 
tional research foci in the fields of enzyme and bioprocess 
engineering in Stuttgart and Duesseldorf/Juelich and the 
Centers for Applied Molecular Plant Biology and for 
Molecular Neurobiology in Hamburg. The establishment 
of those centers has continued to impact positively Ger- 
many’s scientific landscape. The established goals are 
increasingly being realized, the scientific lag has been 
surmounted and the next-generation situation improved. 


The fundamental idea of “gene centers” as research foci is 
the establishment of “in time” institutes for 10-12 years. 
Structural changes in the sponsors (e.g., universities, MPI) 
are supported with BMFT support funding. BMFT sup- 
port for the gene centers in Cologne, Munich and Heidel- 
berg, founded 1982-1984, is being gradually terminated by 
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1995. At that time the laender will absorb the overhauled 
structures into the research institutions sponsored by 
themselves. 


Support for Biotechnological Research in Industry 


To enhance industry’s research efforts for biotechnology in 
Germany and to produce a balanced ratio in public and 
industrial expenditures, support of industrial combined 
projects is developed in the “Biotechnology 2000” pro- 
gram. Through cooperation between industry and aca- 
demia in the precompetitive sector, a timely transfer of 
knowledge between academia and the private sector is 
realized as the basis for the development of leading-edge 
technology. 


Besides industrial basic research, a limited amount of 
applied research is supported through indirect-specific 
programs. Indirect-specific programs, on the basis of a 
simplified application and review process, are especially 
oriented towards medium enterprises. 


New Indirect-Specific Program for SMEs 


The Battelle Institute in Frankfurt am Main [Frankfurt/ 
M.], has undertaken an analysis of the effectiveness of the 
indirect-specific program implemented between 1986- 
1989. On the whole, the balance is positive. Nearly 220 
predominantly medium-size firms were supported. More 
than 80 percent of the firms queried have created new jobs. 
On the other hand the analysis indicates that the program 
had been designed too short in its initial phase. Biotech- 
nological developments are not merely time-consuming, 
they frequently require a longer lead time than other 
technologies also. 


A new indirect-specific program for SMEs was launched 
on | July 1991 with a volume of DM100 million over a 
period of five years. With it, even in the new laender a 
broadly effective implementation of this key technology 
for the development of new products and processes is 
being striven for. The program should yield an effective 
incentive and intensify the firms’ own initiative. 


Theme-Related Combined Research and Project Support 
The foci of the support are primarily 

—genome research 

—neurobiological research 

—natural substances research 

—environmental biotechnological research 


—research on new biotechnological methods and pro- 
cesses 


—research on plant varieties and biological plant protec- 
tion 


—research on alternative methods for animal testing. 
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Under the aspect of current and future official preventive 
activity (environment, health, nutrition, etc.), scientifi- 
cally and economically interesting proposals are given 
priority. Some of the themes and foci of the project 
support are cited as examples: 


Genome Research 


Genome research encompasses the collection of genome 
data from mapping and sequential analysis and studies on 
the functions of individual parts of the genome and their 
roles in normal development as well as the development of 
disease. The discovery that many processes critical for life 
are gene-controlled is leading to increasingly new applica- 
tions in science, medicine and engineering. 


In contrast to a systematic genome analysis (e.g., total 
sequencing of entire chromosomes) the federal govern- 
ment has opted for a problem- (e.g., disease-) oriented 
genome research. In coordination between DFG and 
BMFT a division-of-labor activity on the national and 
international levels is being pursued through the following 
measures: 


—individual and focal point support of mapping and 
sequencing projects for the human genome and the 
genomes of relevant model organisms with support from 
BMFT project funding via the DFG, 


—supplemental BMFT project support of projects that are 
financed by the EC, 


—support of combined projects in the area of technology 
development in genome research through the BMFT, 


—development of the data infrastructure (biocomputer- 
ization) in Germany with linkages to European/ 
international databases through BMFT and EC project 
support (cf. also chap. 9). 


Germany is even now making a considerable contribution 
to genome research with annual funding of DM20 million 
each provided by the BMFT and DFG that in the future 
will be increased, above all, through increasing interna- 
tional cooperation. 


Neurobiology 


Every year costs totaling in the billions result just from 
nervous system diseases and disturbances. With increasing 
life expectancy and bases on growing psychosocial prob- 
lems (e.g., drug addiction) in the population, financial 
burdens in this sector are probably going to increase. Basic 
neurobiological research may also be the basis for other 
technology sectors (e.g., information technology) (also see 
under TA in neurobiology, chap. 22). 


The following support activities support the field: 


—institutional support of the Institute for Biological Infor- 
mation Processing at the Juelich research center and the 
Institute for Neurobiology in Magdeburg (cf. part VI, 
chaps. 3 and 4), 
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—support in the framework of the gene centers in Heidel- 
berg and Munich, 


—support of five next-generation groups from the Center 
for Molecular Neurobiology in Hamburg, 


— institution of 10 five-year term “neurobiology project 
groups,” 


—award of “Helmholtz scholarships” to young scientists 
who would like to return to Germany after a sojourn 
abroad, 


—support for contributions by German scientists to the 
Human Frontier Science Program (HFSP), 


—setting up of “neurobiology partnership projects” in 
which West and East German working groups jointly 
periorm research projects and 


—project support under the program “R&D in support of 
health” for research foci in the Institute for Neurobi- 
ology in Magdeburg, the Institute for Materials Research 
in East Berlin and also for the support foci “palsy 
research” and “clinical research on neuropsychological 
diseases.” 


Natural Substances Research 


In the last 20 years Germany has clearly lost ground, above 
all, to the U.S. and Japan in the scientifically and econom- 
ically attractive field of biologically active natural sub- 
stances. For this reason the BMFT is planning to institute 
a support focus on research of natural substances and in 
that context to stimulate interdisciplinary cooperation 
between academia and the private sector. The following 
themes will be uppermost: 


—search for new natural substances and for unknown 
properties of familiar natural substances, 


—development of new methods for analyzing and isolating 
natural substances, 


—development of follow-on products through chemical 
synthesis of natural substances, 


—exploration of secondary metabolism in organisms, 
—development of new polymer materials. 


One important preliminary starting point is the BMFT- 
supported foundation of the Hans Knoell Institute for 
Natural Substances Research in Jena. The planned devel- 
opment of other university and non-academic research 
institutes in the immediate vicinity will create a competi- 
tive research structure having diverse possibilities for 
interdisciplinary cooperation and the opportunity for 
timely transfer of technology to the private sector. 


Environmental Biotechnology 


his support focus was published in February 1992 with 
ne following areas: 


—biological disposal of dangerous past waste, e.g., those 
having an industrial or military source 
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—reduction of current environmental pollution through 
biological treatment of waste air and waste water 


—biological disposal, reprocessing and recycling of indus- 
trial and municipal waste products 


—biological removal of oils from natural bodies of water 


—avoidance of accumulated pollution through use of 
microbially produced polymers 


—proof and monitoring of environmentally dangerous 
materials using microbial methods. 


In terms of foci, the environmental technology support 
measures are described in chap. 5. 


New Developments of Biotechnological Methods and 
Processes 


The following foci may be mentioned as examples of 
current project support: 


—development of biotechnological analysis and disposal 
processes for polluted effluents and soils (microbiology), 


—obtaining new cell-content substances as the basis for the 
development of new drugs and diagnostic methods (cell 
culture technology), 


—new fermentation and processing technologies for indus- 
trial conversion and production of materials (enzyme 
technology). 


Surfacing with the increasing importance of molecular 
biology for innovations in biotechnology is also the need 
for greater support for the development of new, thoroughly 
automated methods and processes for exploring and 
applying genetic information and its molecular products. 
Not only are advances for the development of new thera- 
peutic approaches expected from this but completely new 
outlooks will come about also in connection with other 
leading-edge technologies. 


The BMFT, jointly with the government of the land of 
Thuringia, is taking such developments into account 
through the planned development of an institute for 
molecular biotechnology in Jena and preparation of appro- 
priate interdisciplinary foci. In this connection, e.g., atten- 
tion is being focused on a respectively close linking of 
genome research and computerization, neurobiology and 
information technology as well as biosensor science and 
microsystems engineering. 


Biotechnological Methods for Plant Diversity and for 
Biological Plant Protection 


This support concept was published on 21 November 
1991. In the area of “biotechnological methods for plant 
diversity,” in particular, R&D projects with an applied 
Orientation are supported aimed at implementation of 
research results in practical plant diversification. Support 
is concentrated on species of cultivated plants that are 
economically important in Germany (barley, wheat, rape, 
potato and sugar beet). Thematic foci include the develop- 
ment of technological processes for regeneration and 
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methods of selection, molecular marking of hereditary 
traits for improving the efficiency of diversity selection 
activities and use of economically and ecological impor- 
tant genes in practical plant diversification. 


In the area of “biotechnological methods for biological 
plant protection,” R&D projects are supported as models 
in the area of horticulture. Those projects have priority 
that have as their goal the solution of existing, defined 
problems in the implementation of current research results 
in practicable processes for combating harmful organisms, 
application of useful organisms and activation of a plant’s 
own defensive mechanisms. 


The two areas of “biotechnological methods for plant 
diversity” and “biotechnological methods for biological 
plant protection” are closely linked one to the other. The 
publication, “Contributions of Biotechnology to Plant 
Diversity,”*°’ provides a survey of the results of current 
research support in the area of plant diversity. The BMFT- 
supported inventory of “biological plant protection in the 
FRG” provides a survey-cum-assessment of R&D projects 
in that sector?’ . 


Alternative Methods for Animal Testing 


In May 1989, on the basis of the study, “Data Survey on 
the Use of Animals in R&D,”’? a new announcement was 
published on the support concept, “alternative methods on 
animal testing.” Preferentially supported is the develop- 
ment of alternative methods for animal testing models, in 
cases where animals are heavily burdened or an especially 
large number of animals is used. Also being continued is 
support for the current objective for continued develop- 
ment of successful in-vitro approaches. Certain alternative 
methods (including computer simulation) are to be 
reviewed for their general usability through optimization 
and validation. This is to be done in the form of coopera- 
tive testing with industry and cooperation with the federal 
health department in Berlin. 


Supplementing that announcement is support for learning 
of in-vitro technologies that are appropriate alternatives to 
animal testing through financing of research visits to guest 
laboratories. The measure, valid until 31 December 1993, 
applies especially to interested parties from the new 
laender. It is aimed at providing practical knowledge and 
basic processes in connection with an alternative to animal 
testing. 


The brochure, “Cells and Computers,” reports on current 
BMFT support on the focal point of “alternative methods 
to animal testing.” 


Biological Safety Research 


This support concept had been proposed by the BMFT as 
early as July 1987 and provided the impetus for compre- 
hensive research activities to assess and reduce risks pos- 
sibly arising from the introduction and application of gene 
technology methods. Besides the projects on risk assess- 
ment, projects for development of criteria for releasing 
genetically altered organisms are also supported. 
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Ethical and Legal Issues 
Gene Technology Law 


The gene technology law that took effect on | July 1990 
regulates the protection of health and the environment 
from possible risks from gene-technology processes. Simul- 
taneously, the gene technology law and the ordinances 
based on it implement two EC guidelines on gene tech- 
nology. In the course of actually applying the gene tech- 
nology law, it has been increasingly criticized by academia 
and the private sector. The principal criticism is high 
administrative cost not justified by the safety aspects in 
implementing the provisions of the law. The gene tech- 
nology law, therefore, is not adequately suited for the legal 
aim also stipulated in it of creating the legal framework for 
exploration, development, exploitation and support of the 
scientific and technological possibilities of gene tech- 


nology. 


On 12 November 1992 the German parliament charged 
the federal government with submitting a bill to amend the 
gene technology law. The German parliament's resolution 
mentioned specific requirements among other things in 13 
points especially related to administrative processes. ©n 
27 March 1993, the federal cabinet passed a draft bill for 
amending the gene technology law. The focus of the draft 
bill is accelerating and tightening of the administrative 
processes. The requirements of the German parliament, 
however, can only be fulfilled to the extent that they 
coincide with current EC law. In the same session, there- 
fore, the federal cabinet has also included a resolution on 
the need for a corresponding change in the EC guidelines 
on gene technology. 


Embryo Protection Law 


Also raising ethical problems is the application of genetic 
engineering methods to humans that is not covered by the 
gene technology law. The same is true of modern methods 
of reproductive medicine. The federal government is of the 
opinion that not everything that is technologically feasible 
at present or in the future can also be ethically justified. On 
| January 1991 the embryo protection law took effect. The 
aim of the law is to prevent abuses in the area of modern 
reproductive medicine. To this effect it stipulates a prohi- 
tion of certain processes that do not coincide with the 
\ lues rooted in the Constitution. For example, any 
; snipulation of human nuclei is a punishable offense. 


Ethical Issues of Genome Research 


The federal government is also reviewing to what extent 
legal constraints are required for possible application of 
the results obtained from exploration of the human 
genome. The federal-laender working group on “genome 
analysis” instituted by the Federal Ministry of Justice 
(BMJ) in May 1990 has submitted broad recommenda- 
tions on the need for legal action. An interdisciplinary 
panel created by the BMFT dealt with the ethical and 
social problems in detail. The final report, “The Explora- 
tion of the Human Genome, Ethical and Social Aspects,”’”’ 
was submitted to the BMFT in the autumn of 1990. On 16 
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October 1992 the upper house of parliament adopted a 
resolution on application of genetic engineering methods 
to humans in which benchmarks are expounded especially 
for further legislative deliberation. The legislative respon- 
sibility for this matter is the subject of presently ongoing 
discussions of the constitutional commission of the parlia- 
ment and the upper house. In the interest of uniform 
regulations in Europe, the EC Commission, on the initia- 
tive of the federal minister of research, set up two working 
groups in 1990, to deal with the ethical and legal issues of 
genome research and research on embryos in the European 
context. 


International Activities 


The federal government attributes great importance to 
international cooperation in biological research. It has 
designed its support accordingly. The goal of international 
cooperation is a mutual exchange of knowledge and expe- 
rience to increase the efficiency of the research. This 
includes, in addition to implementation of joint projects, 
the exchange of scientists. International cooperation is 
accomplished in the context of EC Commission support 
programs, EUREKA projects and also bilateral projects 
with individual industrialized and developing countries. 


There already exists a number of international cooperative 
projects in areas from basic and applied research to the 
development of specific solutions to problems with coun- 
tries like the U.S., Japan, France, Italy, Spain, Denmark, 
Portugal, Canada, Israel, Egypt, Brazil, India and Indo- 
nesia. 


On the EC level (cf. also part V, sect. 1.1) the EC Commis- 
sion developed research programs for biotechnological 
support that are to consider, complementary to national 
programs, projects having special international aspects: 


—The Biotechnology Action Program (BAP), 1985-1990, 
through support targeted the fields of biocomputerized 
technology, collection of biotic materials, enzyme tech- 
nology, gene technology, in-vitro cultivation of plant 
and animal cells and safety research in the development 
of an appropriate research infrastructure and elimina- 
tion of scientific bottlenecks. 


—With the Biotechnology Research for Innovation, Devel- 
opment and Growth in Europe (BRIDGE), 1990-1993, 
program, themes in the fields of processing and ana- 
lyzing bio(technological) data, ceil biology, protein 
design, biotransformation, prenormative research, elu- 
cidation of the genome and biological communication 
are supported. 


—The BIOTECHNOLOGY (1992-1994) program is sup- 
posed to complement the BRIDGE program in the field 
of basic research with an applied orientation with a 
focus on biomedicine and the molecular genetics of 
plants. 


—Biotechnology projects of relevance for developing 
countries are supported with a program line of their 
own, Life Science and Technologies for Developing 
Countries (STD). 
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—Concomitant to the biotechnology program oriented 
towards long-term research goals are the practically- 
oriented programs European Collaborative Linkage of 
Agriculture and Industry through Research (ECLAIR) 
and Food-Linked Agro-Industrial Research (FLAIR). 


—The specific program for research, technological devel- 
opment and demonstration activities in the area of 
agriculture and agro-industry, including fishing, AIR 
(1991-1994) deals with the thematic sectors of primary 
production, input, processing and end use and end 
products. Demonstration projects in the non-food sector 
are also supported. 


Under EUREKA (cf. also part V, sect. 1.2.1) there are 102 
current projects in the technology sector of medicine/ 
biotechnology (status in June 1992), including 20 with 
German participation. The financing volume for all 
projects in this technology sector totals DM1.69 billion; 
Germany’s share is DM155 million. 


In terms of foci, the following themes are broached: 
—diagnosis and treatment of diseases 


¢ development of new diagnostic methods (nucleic acid 
analysis, antigen/antibody determination, new dis- 
ease-specific diagnoses for allergies, syphilis, auto- 
immune diseases, hepatitis C) 

* vaccines, new treatment processes (cardiovascular 
diseases, malaria vaccines, vaccine against meningitis 
B, treatment of cancer and tumors, diseases of the 
central nervous system, treatment of asthma) 

¢ help for surgery, e.g., new implants. 


—biotechnological production processes 


Methods for protein production (broad spectrum: from 
special pharmaceutical proteins through development of 
“new milk products’), special cell cultures, development 
of new natural emulsifying agents, use of inorganic mem- 
branes to yield high quality biological products. 


New processes in the area of the foodstuffs industry 
(“Euroagri”’-initiative). 


—plant/animal cultivation 


Improvement of useful plants like sunflowers, onions, 
carrots, brewer’s barley, rape, soya, tomatoes, artichokes 
partly by using genetic techno! ‘gy. Increased yield through 
use of microorganisms (e.g., rnizobacteria for seed treat- 
ment). 


Development of improved feeds and foraging processes for 
cattle raising and fish and shellfish farming. 


Another 40 EUREKA projects clearly related to medicine/ 
biotechnology are assigned to the technological sectors 
“environmental technology,” “information technology,” 
“communications technology” and “production pro- 


cesses.” 


Altogether 15 countries (Germany, other West European 
countries and Israel) are participating in the financing of 
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the European Molecular Biology Laboratory (EMBL) in 
Heidelberg (cf. also presentation in part V, sect. 1.2.6). The 
EMBL’s scientific program places foci in structural and 
cell biology, cell differentiation, genetic structure and 
regulation. EMBL’s activities are internationally acknowl- 
edged to be in the forefront in the exploration of biological 
structures and dynamic biological processes especially in 
the field of membrane biology; also prominent are activi- 
ties in the area of virus and leukemia research. Broad 
cooperation of the EMBL with German research institutes 
and German industry, especially in the development of 
modern biotechnological equipment, is guaranteed. 


Jointly with the member states of the international eco- 
nomic summit, as well as Switzerland and the EC Com- 
mission, the federal government, under the Human Fron- 
tier Science Program (HFSP), supports basic research in 
biology to elucidate brain functions as well as biological 
functions using molecular biological methods (see also part 
V, sect. 3.3). For this purpose, research grants are awarded 
for international cooperation, and grants for the exchange 
of scientists and international workshops are financed. 


11. Materials Research; Physical and Chemical 
Technologies (Research Sector L) 


Materials Research 


The BMFT’s materials research program was launched in 
1985 to improve Germany’s sorry international standing 
at the time in the area of modern high-performance 
materials. A combined effort by researchers from aca- 
demia and industry in Germany appeared necessary, espe- 
cially in comparison with Japan and the U.S. that had early 
on recognized the new high-performance materials as keys 
to future innovations. With experts from this sector, the 
following support foci were identified: 


—high-performance ceramics 
—powder metallurgy 
—high-temperature and specialty metallic materials 


—composite materials—-new polymers. 
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The program’s long-term objectives justified the 10-year 
timeframe. 


A special synergistic effect was realized with the instru- 
ment of combined research. Researchers from scientific 
institutes and industry work together, dividing up the 
work, on jointly defined promising objectives. This com- 
bined form of cooperation that was not yet common on a 
broad scale previously, has become routine now that the 
program has run for six years. Through the close coopera- 
tion between scientific institutes and industry the bridging 
of basic research and applied research has been quite 
effectively realized. 


From 1985 until the end of 1992, projects (85-percent 
combined industry-science projects) entailing total costs of 
DM2.162 billion were approved in the materials research 
program. Meanwhile the timeframe for the projects 
extends until 1995. The BMFT’s share therein totals 
DM1.110 billion. The remainder is picked up by the 
industrial partners. Of the portion borne by the BMFT, the 
flows are approximately 


—65 percent = DM721.5 million to the industrial partners 
in the projects 


—35 percent = DM388.5 million to the scientific insti- 
tutes. 


The participation of the scientific institutes is broken 
down as follows: 


—48.7 percent of the funding for scientific institutes flows 
to university institutes, 


—18.6 percent to MPI 
—12.2 percent to Fraunhofer institutes 
—9.4 percent to GFE 


—11.0 percent to others. 


Towards Substantive Development of the Program 


Since its inception in 1985, the program has continued 
dynamically to develop its tenor and to incorporate new 
national and international developments in science and 
industry that needed improvement in Germany. 


There was a distinct shift in emphasis made in the direc- 
tion of function materials, that is, materials having special 
electrical, electronic, magnetic or optical properties (for 
example: polymer optical fibers for local communica- 
tions). Uppermost at the start of the program, in contrast, 
was the development of structural materials, i.e., materials 
with especially high firmness, strength, temperature resis- 
tance. In the latter area, that continues to have a sizable 
percentage of the support, quite excellent successes have 
been scored over the past six years: 


German materials manufacturers, and, as a result, also the 
users, have achieved leading positions in one field after 
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another. This is true not only domestically but also across 
Europe and around the world. Deserving mention here as 
examples are: 


—polymer-matrix composite materials in automobile 
manufacturing 


—high-temperature resistant polymers in engine manufac- 
turing 


—ceramic composites for aerospace. 


Outstanding successes have also already been scored in the 
area of functional materials, e.g.. 


—polymer optical fibers will afford an inexpensive alter- 
native to glass fibers shortly in the area of local commu- 
nications (up to 100 m, e.g., in an automobile), 


—high-performance electrical polymers have led to state- 
of-the-art batteries containing no heavy metals, 


—the development of special functional ceramics was the 
basis for the development of the sodium-sulfur high- 
temperature battery that bids fair to be used as an energy 
storage device in electric automobiles. 


Enhanced support in the area of functional materials has 
been stimulated by industry's growing need for materials 
for problems posed by microelectronics, sensors, movable 
parts and information technologies. 


The theme of surface films took on greater weight in the 
program. The development of diamond materials or mate- 
rials resembling diamond is supported in coordination 
with the BMFT’s “thin film technologies” program. A 
great future is predicted for those materials both as struc- 
tural materials (e.g., coatings for chemically resistant mate- 
rials) and as functional materials (e.g., in microelectron- 
ICS). 


International development in the field of materials 
research, analysis of current support activities and formu- 
lation of recommendations for action for the BMFT are 
the themes of a study that the Arthur D. Little (ADL) firm 
is conducting for the BMFT. The results of that study are 
supposed to be available in early 1993 and be the basis for 
further planning: 


—The basic overall and materials-specific objectives were 
realized. As a result the program has helped enable 
keeping up with the leading nations. Support measures, 
basic conditions and program management were equal 
to the challenge. 


—The program has laid the scientific-economic ground- 
work for maintaining and developing the long-term 
competitiveness of Germany’s industry. Because of the 
long times for materials innovations to spread, the use of 
this groundwork a.id its implementation in the form of 
directly quantifiable economic results, in many cases, 1s 
still pending. 


—High-performance materials contribute to strategic com- 
petitive advantages in nearly all significant branches of 
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industry in Germany. For this reason materials research 
is of major importance as an essential aid in safe- 
guarding and improving Germany's competitiveness. 


—To develop the currently realized results and ensure 
their implementation in significant areas of application, 
upon expiration of the current program, other support 
measures should be focused on processing, applied and 
systems aspects besides the assembling of additional 
basic knowledge in order to ensure the spread of new 
materials into critical areas of application. 


—To do this, any future support for materials research in 
Germany should be focused on critical areas of applica- 
tion and materials promoted on a targeted basis as 
integral components of systems solutions, taking into 
consideration all net product stages. For this purpose, 
program organization, program management and pro- 
gram contro! should be appropriately adapted to the new 
Strategic requirements. 


Development of the Program Since German Unification 


German Unification has presented the materials research 
program with a major challenge that it has successfully 
met. Since there was qualitatively excellent and quantita- 
tively considerable materials research in the GDR, the 
BMFT, as early as the fall of 1990, received nearly 700 
project outlines and applications from researchers from 
the GDR. As early as September of that year five scientists 
from the accession area were installed with the respective 
project sponsors to collaborate in processing those appli- 
cations. With the assistance of the program's expert 
advisers the most promising projects were then selected 
and support for them could be started as early as | January 
1991. 


In the selection of the projects the combined research 
instrument once again proved to be helpful. Proving to be 
especially promising for the future were projects envi- 
sioning cooperation between partners from industry and 
academia from the original and the new laender. 


Projects of that sort are currently under way with total 
support by the BMFT totaling ca. DM55 million. The 
partners of those combines coming from the new laender 
received DM30 million of that. Those figures grow with 
disproportionate rapidity. For instance, of 164 individual 
authorizations reawarded in 1991, 84 went to partners 
from the’ NBL. 


Besides the integration of the partners from the NBL in the 
previously existing support sectors of the program, the 
program received special impetuses in two thematic fields 
as a result of the considerable expertise of the East German 
partners: 


The field of biomaterials, especially reabsorbable implants 
and biocompatible surfaces was reincorporated in the 
program and the field of magnetic functional materials was 
upgraded by partners from the NBL 
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In the area of technology transfer in Dresden and Halle two 
“demonstration and continuing education centers for plas- 
tics technology” were built that should help, under the 
sponsorship of the South German Plastic Center in 
Wuerzburg, to support the creation of a robust medium- 
sized industry. The response to the centers is tremendous. 


The assessment of the institutes of the former AdW by the 
science council resulted, in the area of materials research, 
in a highly positive vote for te two Dresden institutes, 
“Institute for Polymers Technology” and “Institute for 
Solid-State Physics and Materials Research.” As recom- 
mended by the science council, the land of Saxony and the 
BMFT therefore established two new “blue list” institutes 
with 200 (polymers) and 320 employees (solid-state and 
materials research). In 1992, the land and the federal 
government each appropriated DM28.5 million for this 


purpose. 


The FhG will found two autonomous institutes [FhE] and 
three branches of existing institutes in the materials 
research sector in the new laender: 


—FhE for applied polymer research, Teltow-Seehof 
—FhE for materials physics and film technology, Dresden 


—FhE for ceramic technologies and sintered materials, 
Dresden. 


Branches for: 
-——polymer compounds, Teltow-Seehof 
—powder metallurgy and composite materials, Dresden 


—microstructure of materials and systems, Halle (cf. also 
part VI, chap. 2.1). 


The MPG will probably install, in the materials research 
sector, an institute for colloid research in Teltow-Seehof 
and a working group for the mechanics of heterogeneous 
solids in Dresden (cf. also part VI, chap. 2.1). 


International Cooperation 


International cooperation in the materials research sector 
is realized in terms of foci under COST (Cooperation 
europeenne dans le domaine de la Recherche Scientifique 
et Technique). Institutes and industrial firms from 20 
European countries at present are participating in those 
programs. 


Materials for energy technology and for process technolo- 
gies such as powder metallurgy and foundry practice have 
now emerged as front runners. New COST actions are 
currently in preparation. 


Bilateral cooperations exist with the PRC and Israel. 
Promising successful cooperative projects are in the offing 
even with the new CIS countries. The EC program, “Indus- 
trial and MateriaLs Technologies (BRITE/EURAM II)” 
supplements national research support to a considerable 
extent. 
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Literature: 
BMFT annual report on materials research; 


Conference report, “Second Symposium on Materials 
Research 1991.” 


Both are available from: Project Sponsor for Materials and 
Raw Materials Research (PLR), Juelich Research Center, 
P.O. Box 19 13, Juelich. 


Physical and Chemical Technologies 


Mastery of new technologies is an indispensable require- 
ment for the scientific and economic competitiveness of 
modern industrial societies. With fundamentally basic 
developments in physics and chemistry, especially too in 
their interfaces with biology, therefore, important deci- 
sions are often determined regarding future supplier struc- 
tures and, therefore, competitive positions that will have 
an impact into the twenty-first century. 


Laser Research and Laser Technology 


In western high-tech countries, laser technology is cur- 
rently the key and cross-technology of the future. Besides 
the plethora of useful equipment and components, its 
significance lies, above all, in problem and systems solu- 
tions it facilitates. 


Laser technology's potential extends to all essential sectors 
of German industry: vehicle manufacturing (especially 
automobile industry), electronics, machine and ship- 
building, chemistry, and increasingly even the areas of 
medicine and the environment. The laser’s domain is in 
fields where precision, flexibility and quality are called for. 


Foci and Development of Current Support Activities 


In Germany, BMFT support for “laser research and laser 
technology” has contributed to the development of a 
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generations of lasers in terms of new ranges of wave- 
lengths, higher output and beam quality and, second, 
through the development of new fields of application. 


Basic future foci will include: 
—bhases for new lasers 


Internationally, a radical technological change 1s currently 
under way. The laser is being organized on new principles 
of effectiveness, especially in the direction of higher power 
density, improved beam quality and, above all, “all solid- 
state’’ designs (solid-state laser technology), 1.e., the dis- 
continuation of costly and temperamental tube tech- 
nology. The scientific groundwork has to be laid now for 
that next generation. An important lead project will 
include fundamental research activities on high- 
performance diode lasers. 


Other new laser beam sources will include the develop- 
ment of extremely short wave lengths (i.e., in the direction 
of hard UV and soft x-ray radiation). There will also be 
exploratory definition phases for new lasers, e.g., 10dine- 
oxygen and CO lasers. The development of such new beam 
sources by German laser science is essential for the future 
competitiveness of Germany's laser manufacturing 
industry. Mostly institute projects are planned here, since 
the developments are still in the basic stage. Altogether, 
based on trends in the U.S., Germany’s laser industry has 
to expect significantly tougher international competition 
in terms of broad, official technology transfer programs to 
release currently classified military research activities to 
civilian applications 


—Precision Processing with Lasers 


Future precision applications will use the considerable 
spatial and temporal resolution of the laser even more 
intensively. For instance, it 1s possible even at present in 
the laboratory, using precision laser technology, to pin- 
point cells and cell components and move them without 
disturbing them (so-called “optical tweezers”). This and 
other bionic laser applications are to be included in the 
new focal point for laser biodynamics. 


Other new fields of application for laser precision pro- 
cessing include 


* Materials ablation with laser photons (laser-aided 
ablation). Materials ablation makes virtually any 
forming and structuring whatsoever of three- 
dimensional components realizable. Materials that 
hitherto could not be processed, could hadly be 
processed or only by polluting the environment, can 
be processed with high-energy density laser beams 
and moldability. This applies to components of the 
most diverse materials in the micro-engineering 
sector as well as to sophisticated macro-engineering 
components. Such advantages should be used more 
intensively in the future. 

* Laser-induced deposition and structuring. Wearing, 
atirition, corrosion can be significantly reduced 
through coatings on materials. Conventional coating 
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processes like galvanizing processes are highly pol- 
luting of the environment. The quality and homoge- 
neity realized with the coating is sometimes unsatis- 
factory. Compared to such conventional processes, 
laser precipitation processes have significant advan- 
tages such as environmental friendliness, realization 
of higher quality coating and high precipitation rates. 
New possibilities are opened up here that should be 
exploited in a targeted manner. In this context the 
continued development of laser technology will also 
make important contributions to nanotechnology, 
microsystems engineering and microelectronics. 


—Bases for the Development of New Fields of Application 


Through use of new physical laser principles like non- 
linear optical phenomena and photons as precision mea- 
surement instruments, new fields of application for laser 
technology should be developed. This entails: 


¢ Non-linear optics applications. Non-linear optics is a 
cross-technology having considerably broad effective- 
ness for numerous areas of application of laser tech- 
nology, e.g., in medicine and measurement tech- 
nology as well as precision processing. Targeted 
research activities for applied technology should be 
implemented in this area to penetrate into new fields 
of application by exploiting new wave lengths. 

¢ Laser-optical measurement and testing processes for 
process technology. By using photons as a precision 
measurement instrument, new measurement and 
testing processes should be studied and applied as a 
replacement for obsolete mechanical and electrical 
measurement and testing processes. Laser-aided mea- 
surement processes are superior to conventional pro- 
cesses because of their precision, speed, flexibility 
and, above all, because of the contact-free way they 
work. Improved production quality and a higher 
degree of automation can be realized through appli- 
cation of laser technology measurement and testing 
processes especially in production and process engi- 
neering. in the framework of designs for a “factory of 
the future” laser optical measurement and testing 
processes play a central role. 


—Laser Medicine/Minimal Invasive Therapy 


Alongside of microsystems technology, laser technology 
has considerable potential for innovation for future devel- 
Opr.cents in minimal invasive therapy (“gentle operation”). 
The laser also affords possibilities for application for 
diagnostic purposes in medicine benefiting the patient, 
and those could be important also in terms of health sector 
costs. One basic example is the “interference-free” mea- 
surement of substances contained in the blood via lasers. 
This field of application is still in the early stages. The 
objective of future research in laser medicine should 
therefore be a dee» ened understanding of the interaction 
of laser-induced processes in biological systems. Advances 
in laser medicine require the interdisciplinary association 
of technically and medically focused research. 
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The BMFT therefore attaches special value to synergies 
between the technological R&D in the areas of laser and 
micro systems technology and the health research program 
in terms of medical requirements and assessments (cf. 
above chap. 7). 


—SME Support for Initial Application of Laser Technology 


Laser technology is basically still a relatively recent tech- 
nology. The penetration of the users industry that mostly 
has a medium-sized focus is currently only about 20-30 
percent. The reasons for this include impediments to 
dissemination, e.g., the existence of knowledge barriers 
that have to be removed. Also, the introduction of the laser 
in individual firms requires cost- and time-intensive R&D 
activities. Excellent groundwork ¢x its, however, for the 
success of a SME-oriented support of initial application of 
iaser technology. For example, in the first phase of current 
support activities a competitive infrastructure was devel- 
oped at universities and non-university institutes. The 
basic results tor laser applications in demand have been 
elaborated as an essential prerequisite for the implemen- 
tation of SME activities. The currently existing fundamen- 
tally technological approaches to a solution of laser appli- 
cations like cutting, welding and surface hardening, should 
undergo greater industrial dissemination especially 
through support of their initial application in SMEs. 
Additional good conditions for the spread of laser tech- 
nology could be created and an effective contribution 
made to the shape of Germany’s industrial position espe- 
cially on the basis of targeted elimination of gaps in 
knowledge. 


For this reason, the BMFT, as of 1994, is planning simpli- 
fied combined research support for a set period whereby 
SMEs are to be supported in cooperation, above all, with 
laser research institutes for innovative initial application 
of laser technology. 


Analysis of Future Physical and Chemical 
Technologies 


Under the support focus for physical/chemical technolo- 
gies the effort is to make broad technological and econom- 
ical use, as quickly as possible, of the new laws of physics 
and chemistry. 


The focal point therefore has the responsibility of timely 
recognition and assessment of the approaches to tech- 
nology looming in bas'< research, to bring them to the stage 
of goal-oriented research and, if applicable, to accompany 
development with suppcrt to the threshold of technical- 
scientific decision-making. Foremost in such science- 
policy-strategy designed activities are especially innova- 
tive research directions from the interface between 
chemistry, physics and biology from which a greater 
increase of knowledge may be drawn. Chemists, physicists, 
biologists, engineers, materials scientists, etc., from the 
academic, business, industrial and political sectors, are 
participating in the interdisciplinary and complex studies. 
They are readying new R&D support programs that will 
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lead especially to improving research fields having long- 
term prospects (long-term programs), to supporting basi- 
cally-oriented research and research designed as subsidiary 
in cooperation with the private sector in the area of 
goal-oriented solutions to problems and to improving the 
basic conditions for innovations and the development of 
national and multilateral R&D infrastructures. 


Physical Technologies 


The systematic analysis and assessment of the most recent 
results of physical research have led to the identification of 
the following fields of research that are presently being 
assessed in terms of their technological relevance: 


—nanotechnology 
—diamond films 
—fullerenes 
—adaptronics 
—non-linear dynamics. 


Expert discussions and workshops are being organized on 
those thematic fields aimed at identifying the issues that 
promise meaningful medium- and long-term success with 
greater federal support. 


The support focus for physical technologies supports fields 
of technology that have high potential for innovation and 
therefore over the long term broader economic importance 
can be expected. At present, activities are concentrated in 
the areas of surface and film technologies, superconducting 
and plasma technology. 


Surface and Film Technologies 


The support concept of “thin-film technologies” (1988- 
1992) was assessed upon conclusion of the support activ- 
ities. The most significant results remaining to be high- 
lighted include: 


—The support led to a well-grounded grasp of film devel- 
opment, to definition of new processes and systems for 
surface treatment and coating all the way up to in situ 
analysis as a precondition for optimum process control. 


—Despite the considerable technological-scientific suc- 
cesses, a number of impediments to innovation surfaced 
that ran counter to successful application of those pro- 
cesses in the industrial process notwithstanding their 
technological advantages. 


—It bears being mindful of the fact in this connection that 
both the consumer and the supplier markets for surface 
and film technologies are heavily structured as medium- 
sized. 


To develop the technological and economic potential of 
surface and film technologies (OSTec) and to open them 
up especially to SMEs, in 1993 the support concept of 
“OSTec” was reinstituted on the basis of the experiences 
of prior years. 
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The support activities tackle the major deficiencies hin- 
dering innovation that are of both a technological/ 
scientific and a non-technological nature. On the techno- 
logical side, e.g., problems in “up-scaling”’ of processes, in 
3D coating, in lowering the coating temperature or in 
process command and control prevent the improved intro- 
duction of OSTec in industry. On the non-technological 
side, high development and investment costs, a lack of 
systems solutions for important applications, a lack of 
basic knowledge on some points and general information 
deficiencies, keep companies from introducing such pro- 
cesses. The specialized objective of the support focus takes 
into consideration especially the branches of machine 
building and vehicle manufacturing, the glass, plastics and 
ceramics industry, that are important areas of application 
for modern coating processes and on whose performance 
Germany’s competitiveness depends to a decisive extent. 


There is priority support for the type of combined projects 
involving SMEs and research institutes that contribute 
through R&D based on specific applied instances to the 
elimination of so-called technological/scientific gaps. With 
the inception of the new support focus, the following 
themes are initially being treated: 


—exploration of surface and film technologies to avoid 
lubricants 


—exploration of surface and film technologies for coating 
and treatment of plastics 


—exploration of surface and film technologies for coating 
and treatment of large-area planar substrates. 


Activities to eliminate information gaps, such as targeted 
dissemination of information, support for standardization 
concomitant with development, establishment of data- 
bases and briefs as well as arranging information 
exchanges, will be incorporated directly into the combines 
or into in-house projects, depending on their nature. 


In the new laender, the Institute for Surface Modification 
e.V., Leipzig, was established as a blue list institute and 
integrated in the current activities. 


Superconductivity 


The high-temperature superconductor has enormously 
enlarged the economic potential of superconductor tech- 
nology. The replacement of helium cooling by nitrogen 
cooling with its resulting advantages, like higher level of 
efficiency, considerable reliability and improved avail- 
ability plus lower costs, enhances the market opportunities 
considerably. Also, it is possible to open up new, absolutely 
new, market segments for specific fields of application for 
high-temperature superconductors. Over the long term, 
superconducting will impact especially the areas of med- 
ical technology, microelectronics, sensors, communica- 
tions technology, energy technology and transportation. 


Because of the complex issues, the development of the 
technological potential of the high-temperature supercon- 
ductor calls for close cooperation between research insti- 
tutes and industry and, in particular, interdisciplinary 
research. 
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The advances realized in the meantime already are facili- 
tating the first concrete applications of such new materials 
in the areas of high-frequency engineering, sensors and 
microelectronics and energy technology. The BMFT has 
taken this development into account and in February 1993 
submitted an updated report on support for superconduct- 
ing. At present the following specialized foci are upper- 
most: 


—new integrated circuits on the basis of optimized high- 
temperature superconductor [HTSC] Josephson junc- 
tions 


—HTSC high-frequency applications for mobile commu- 
nications, tele- and data-communications, measurement 
technology and other fields 


—HTSC SQUID applications for materials testing, pro- 
cess control and medical diagnosis 


—new HTSC cryo-components 


—manufacture of rather large lengths of HTSC conductor 
material having high current densities in technologically 
relevant fields 


—development of technological conductor designs for 
HTSC 


—study of HTSC alternating current conductor behavior 


—optimization of technologically relevant manufacturing 
processes being mindful of economic aspects 


—systems solutions with appropriate cooling technologies. 


In the particularly promising areas of electronics and 
sensors, a Clearly defined focal point was fixed with sup- 
port of a combine on “initial applications of HTSC in 
microelectronics.” In close cooperation, 12 groups of 
researchers from industry, universities and GFE are for- 
mulating the initial demonstration applications for HTSC 
to develop their potential for microelectronics. 


The integration of the research projects under the project 
support is already being comprehensively realized with 
superconducting activities at the KfK and KFA and in the 
future should continue to be developed. 


In the new laender, too, superconducting support enjoys 
high priority. In the region of Jena, the focal point of 
cryoelectronics was created with numerous themes with an 
applied focus like calibrated power sources, SQUID sen- 
sors anc extremely high frequency technology. In the 
Dresden area, priority projects were supported for the 
themes of high-currency superconducting and magnetic 
storage that are important for electrical energy technology. 


Based on the interdisciplinary nature of superconducting, 
international cooperation is also characterized by a high 
degree of cooperation and exchange of experience. In the 
economically critical area of energy technology applica- 
tions of new superconductors, Germany, plus the other 
western industrialized countries, is a member of an IEA 
committee that is improving the information flow among 
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treaty states and allows coordinated action on important 
issues of joint interest. The IEA issues reports and studies 
on selected themes that can be obtained from the German 
coordination center at the Institute for Technological 
Physics, KfK. 


Cooperation with the CIS countries is also a special focal 
point. Traditionally they possess great competence in the 
field of superconductivity. Besides bilateral seminars there 
is a busy exchange of scientists to make optimum use in 
joint projects of the strengths of specific countries. 


Plasma Technology 


Under support activities in the area of plasma technology 
the BMFT supports applied-oriented basic research on 
technologically relevant plasmas outside of fusion 
research. The aim is to intensify the use and spread of 
plasma-aided processes to use their specific advantages in 
industrial processes. In this way support of industrial 
projects has led to the following results in particular: 


—development and testing of a new laboratory x-ray 
microscope at the university of Goettingen, 


—development of large-area UV light sources on the basis 
of silent electrical discharges, 


—advances in the diagnosis and modeling of equilibrium 
and non-equilibrium plasmas as well as low-temperature 
plasmas. 


Current support activities are concentrated on work on 
development of universal and innovative plasma sources 
and on applications in high-performance pulse technology. 
Additionally, studies on the elimination of organic- 
chemical substances through plasma-aided processes con- 
stitute a focal point. Also in the field of plasma research, 
the activities in the new laender have tn the meantime 
been fully integrated. Thus the Institute for Low Temper- 
ature Plasma Physics at Greifswald University was 
founded as a blue list institute (cf. part VI, chap. 4). 


Chemical Technologies 


The analysis of recent results of basic chemical research 
has led to the identification of a number of interesting 
fields of research whose significance for future technolo- 
gies is presently being assessed. They include: 


—molecular modeling 
—mesoscopic polymer systems 
—organized supramolecular systems 
—molecular surfaces 

~-fullerenes 

—clusters 

—biomimetic catalysis. 


To facilitate a better assessment of the oppertunities for 
scientific development and future innovation potential, in 


81 


some areas coordinated pilot projects including participa- 
tion of experts from industry and academia were launched 
with the support. 


The support of catalyst and membrane research was ter- 
minated on the basis of current support views. In both 
areas—for continued development of catalysts and for 
development of membrane processes for mass transfer— 
results were successfully realized that are helping to deter- 
mine the international situation and in some sectors, e.g., 
pervaporation, realizing a leading position internationally. 


In close cooperation with leading experts and private 
sector and academic associations, using the above cited 
analysis activities, specific portrayals of cross-branch 
chemical-technological research foci having high innova- 
tion potential were developed. They include: 


—materials with special separation properties like gas 
separation membranes and high-performance mem- 
branes for micro-, nano, and ultrafiltration, 


—studies on catalysis principles, especially for a funda- 
mental grasp of the function of catalysts analogous to 
biological-enzymatic systems and studies on the effec- 
tive mechanisms that are attributable to structural alter- 
ations on the atomic level, 


—Supramolecule systems that combine components on 
the pattern of the living cell and that can accomplish 
more in coordinated interaction with one another than 
as independently organized molecules. Applications for 
this are anticipated in medical technology (tumor ther- 
apy), environmental protection (extraction of pollut- 
ants) and analytics (sensors). 


—Chemical interface phenomena whereby optical and 
mechanical properties and behavior in response to 
external influences are determined. New insights and 
well-founded theoretical methods for describing com- 
plex and rather large molecular systems are the decisive 
precondition for new technological applications, 
including film cutting, adhesive processes, crystal 
growth, chip production and also tissue-friendly 
implants. 


—Non-traditional chemistry includes the exploration of 
new, futuristic methods like sonochemistry, microwave 
chemistry, plasma chemistry, the application of high 
pressures and temperatures for chemical conversions. 


—Studies on non-linear dynamic systems. The elucidation 
of individual steps and their linkage in chemical systems 
promises improved future modeling and as a result also 
control of reactions. They impact substantially on the 
efficient use of raw materials and energy, product 
quality and, above all, on the safety of chemical plants. 


The process of searching for and assessing future key 
technologies having high potential for innovation and 
major importance for safeguarding position and competi- 
tiveness is still not concluded. Above all, the growth 
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sectors of preventive research and emerging key technolo- 
gies are to be supported with targeted basic research. 


With the transmogrification of the research scenario in a 
unified Germany, conditions have been created especially 
for the extension of research activities to the field of 
chemistry. 


This includes the founding of four chemistry centers in 
Berlin-Adlershof, the integration of the complex catalysis 
sector in Rostock at the university and the combining of 
the activities for membranes research in Teltow-Seehof 
with the Geesthacht research center. 


In the context of chemical technologies, activities were also 
supported in the area of preservation of assets and resto- 
ration of books and archive material. They have as their 
goal to lay the technological groundwork in a unified 
concept for the implementation of worthwhile activities 
for the library and archive holdings that are in danger of 
disintegrating from acidity and thereby preserve a valuable 
cultural asset. Since the inception of support in 1987, the 
BMFT has made nearly DM20 million available to imple- 
ment R&D activities to de-acidify and preserve books and 
archives. Two pilot facilities were put into operation: in 
1990, an experimental facility for preserving the book 
assets of the German Library in Leipzig and in 1992, a 
testing facility for automated treatment of individual 
sheets of archived material in Bueckeburg. On the occasion 
of the federal-laender panel on “Paper Disintegration,” 
projects were launched including continued development 
of a paper decomposition process for mechanical pro- 
cessing. 


Literature: 

—Surface and Film Technologies Support Focus 
BMFT press documentation 02/93 of 12 January 1993 
—Superconductivity and Low-Temperature Technology 


Report at the BMFT status seminar in Potsdam, 21-23 
September 1992, Union of German Engineers [VDI]- 
Verlag, 1993, ISBN 3-18-401258-1 


—Proc. of the Fifth German-CIS Bilateral Seminar on 
High Temperature Superconductivity, Kloster Banz, 5-9 
October 1992, VDI Technology Center, Duesseldorf 


—(Cross-branch Chemical-Technological Research Foci 
Having High Potential for Innovation 


Dechema/Chemical Industry Fund/Chemical Industry 
Association; August 1992 report 


—R&D To Salvage Valuable Books and Archives 
BMFT press documentation 03/93 of 14 January 1993 


12. Aviation Research and Hypersonic Technology 
(Support Sector M) 


Aviation Research 


The federal government supports aviation research 
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—to determine the international competitiveness of the 
aviation industry 


—to ensure participation in promising technologies 


—to guarantee appropriate German participation in civil 
aviation 


—to safeguard the industrial basis for participation in 
covering the needs of the Air Force. 


Aviation research is supported by the BMFT, BMV, 
BMWi and BMVg. 


The BMFT’s support activities are concentrated on 


—improvement of the technological basis for future 
projects through research activities by the German 
Aerospace Research Institute e.V. (DLR), 


—development and testing of technologies for avionics 
and flight guidance/flight safety and for general aviation 
plus 
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—establishment of large experimental facilities. 


On the initiative and under overall leadership of the DLR 
a national combined program “aviation pollution” was 
instituted with broad industry and research participation. 


The program’s objective is to explore, in a hitherto unique, 
coherent approach to atmospheric research and propulsion 
technology, the causes and effects and to develop technol- 
ogies for future propulsion systems having minimum 
output of pollution. In the partial program for atmospheric 
research attention is given to determining the pollution 
emissions and studying their diffusion in the atmosphere 
and ultimately their impact on the earth’s radiation 
economy. In the partial program for propulsion technology 
all promising possibilities for pollution reduction through 
lower fuel consumption and new combustion chamber 
designs are to be explored. 


Deserving mention as a significant success for cooperation 
in terms of a division of labor and sharing of costs is the 
establishment and operation of the joint German- 
Netherlands Wind Tunnel (DNW) in the Netherlands and 
the construction of the large European Transonic Wind 
Tunnel (ETW) project in Germany (cf. part V, paras. 
1.2.12 and 1.2.11). The ET'W—that is by far the most 
promising and expensive experimental facility for aviation 
research and technology in Europe—is being erected in 
Cologne-Porz and will probably be available as of 1995 for 
industrial measurements. 


Through ad hoc research projects the BMV supports 
activities to improve air travel safety and construction and 
testing regulations and updating of technological regula- 
tions on aircraft exhaust and noise emissions. Important 
objectives in those areas include 


—exhausting the possibilities for increased technical and 
operation flight safety, 


—improvement of aircraft structural safety taking into 
consideration the use of new materials and production 
processes, 


—advantages from the use of recent navigation systems 
(e.g., GPS [Global Positioning System], GLONASS 
[Global Navigation Satellite System]}), 


—introducing lower noise and pollution potential for 
smaller, propeller driven aircraft, 


—modeled determination of emission values for jet pro- 
pelled aircraft under various load and altitude condi- 
tions. 


Through conditionally reimbursable development cost 
subsidies the BMWi support civil aircraft and propulsion 
system manufacturing. The support is primarily to support 
the participation of the German aircraft industry in tech- 
nologically meaningful and economically promising 
civilian projects. 


Ate ivr. ront of development support is the Airbus 
pre. ni. .urope’s most ambitious cooperative project. 
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The Airbus is Europe’s alternative to the U.S. manufac- 
turers Boeing and McDonnell-Douglas in the large civil 
aircraft sector and with its advanced technology it has 
significantly helped shaped the standard in that sector. 


Hypersonic Technology 


Hypersonic technology entails the technological bases for a 
conceivable next generation of space transport systems. 
The concept pursued in Germany since 1988 targets a 
reusable, two-stage space transport system with an air- 
breathing propulsion system for the lower stage and a 
rocket propelled upper stage, that takes off and lands 
horizontally. 


The principal arguments for a hypersonic concept include: 


—greater environmental friendliness that current booster 
systems because of the lower stage’s oxygen propulsion 


—less so-called space scrap as a result of reusability and 


—lastly, lower transport costs too because of the system’s 
reusability. 


Besides clarification of the concept and technological 
feasibility, current technological activities also help defend 
and verify those starting-point hypotheses. 


It was clear from the outset that the objective would 
require a rather lengthy basic research phase for prelimi- 
nary development and securing of the critical technologies, 
with the inclusion of universities and the DLR (so-called 
phase I). Originally, this phase was to have been completed 
by the end of 1992. After that, a flying testbed would be 
built to test the critical technologies for the lower stage 
(phase II). 


In terms of content, current activities concentrate on 
—critical technolog: s and 
—studies on a lead concept and on flight test platforms. 


At the core here are technological activities on the lower 
Stage’s air-breathing propulsion system, including aero- 
thermodynamics as well as materials and construction 
techniques. Some outstanding results have been realized in 
this connection. The key words are: higher level of devel- 
opment in the ram jet combustor for high Mach numbers, 
development of high-temperature parts for the propulsion 
unit’s intake, expansion of the test bench for the require- 
ments of diverse sonic velocities. 


Individual support included the firms MBB [Messer- 
schmitt-Boelkow-Blohm GmbH], MTU [Motor and Tur- 
bine Union, Inc.], Dornier, MAN [Augsburg-Nuremburg 
Machine Building Factory], Deutsche Airbus and the 
DFG, DLR and a number of university institutes and 
medium-size companies. Industry has taken a 20-percent 
share in the financing of the technological project. Approx- 
imately 130 engineers and technicians from industry are 
engaged in the hypersonic program; on top of that there are 
nearly 170 scientists from the DLR and university insti- 
tutes. 
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It was evident from the outset that a hypersonic concept 
can be realized as a significant project of joint European 
interest only in the framework of the ESA and therefore 
through European cooperation. The so-called testing of the 
hypersonic technology therefore was an obvious goal. At 
present, moreover, such cooperation is materializing 
under the ESA. 


Even at present the program and its interim results have 
succeeded in interesting European partners in collabo- 
rating. Since 1990, Sweden and Norway have each partic- 
ipated in a number of projects with their own support. 
Italy has indicated an interest in a sizable participation, 
but negotiations have still not been able to be concluded 
here. In 1992 Spain and Great Britain approached the 
BMFT on the governmental and agency levels. Official 
talks were begun with France. 


In 1993, under a BMFT proposal and an unanimous 
resolution in the German parliament’s committee for 
research, technology and TA, the current phase I techno- 
logical activities connected with Germany’s space program 
were continued for three years, i.e., until the end of 1995. 
This reflects 


—both the probable situation in the ESA, that is, an 
“open” phase and broadscale technolog’cal activities 
until a decision on a space transport system not before 
1995, 


—and the status of the hypersonic program itself, which— 
even in the opinion of the experts at the time of the 
milestones review conducted in 1992—requires another 
three-year continuation of the technological activities 
until the next decision based on the milestones and 


—by including planned activities in the ESA also option 
III of the TAB study that was also viewed as the proper 
approach in the initial statements by German parlia- 
mentary representatives. 


This action also addresses the concern voiced even earlier 
by parliament that hypersonic support might possibly 
determine a premature and too narrowly designed concept. 


Substantively, the activities over the next three years are to 
concentrate on rounding out and ensuring the necessary 
competence in critical technologies and systems capability 
for the continued development after a positive decision as 
of 1996 of a flight test platform for ascent technologies 
and, in fact, then under ESA. The current SANGER lead 
concept will consequently fade into the background. 


In the context of medium-term financial planning, DM145 
million could be made available by 1995; 1.e., nearly 
DM48 million annually. That would signify a nearly 
20-percent drop in annual contributions compared with 
the finance volumes approved for 1992. 


13. Research and Technology for Surface 
Transport and Traffic (Research Sector N) 


Surface transport and traffic are the foundation for an 
economy based on a division of labor, for living together in 
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societies and for personal and occupational mobility. An 
efficient transportation system is an absolute requirement 
for the functionability and development of entire bio- 
spheres, be they towns and communities, states or the area 
of Greater Europe. 


The common domestic market, the political restructuring 
of Europe and not least the unification of Germany have 
created the conditions and the need for comprehensive 
integration also in Europe’s transport of individuals and 
merchandise. As in other countries, the importance of 
transportation in Germany too is reflected in considerably 
increasing transport activities in the transport of individ- 
uals and merchandise. Germany’s reunification and 
Europe’s unification will cause surface transport to grow 
even further and enlarge the distances to be overcome. 


Hence transportation is situated in the special zone of 
tension between demand on the one side and availability 
of existing space for traffic and increasing traffic with its 
increasing pollution of the environment on the other side. 
Technological research in the area of surface transport and 
traffic systems is focused on that zone of tension. Official 
support for technologies in this sector is aimed primarily at 
projects whose introduction or practical implementation 
deal wiih special problems and therefore entail greater 
risks for industry (in this regard see also “TA problem 
areas” in chap. 22). 


Long-Distance Transport Routes—Wheel-on-Rail 
Technology 


Two means of transportation for the high-speed transport 
of individuals are available in Germany with the Intercity 
Express (ICE) whose development was supported by the 
BMFT and in France with the Train de Grande Vitesse 
(TGV). But the two systems differ considerably in their 
technology. Hence it is not directly possible to operate the 
trains in the neighboring country. For this reason the 
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BMFT is supporting the development of multi- 
system-capable ICE drive units. With the help of modern 
electronics, the drive units should be able to be incorpo- 
rated into the technically different systems not only in 
France but also in other neighboring countries and thereby 
facilitate through-travel transportation in Europe. 


About 85 percent of the German railways’ total transport 
activity occurs on nearly 40 percent o! the rail system 
(so-called main-haul stretches). Performance on such 
main-haul stretches can no longer be increased in the case 
of currently typically mixed operation of express and 
slower trains by using conventional operational control 
systems (spaced-out trips using fixed location signals). 
Supported as a remedy is development of an operational 
control system based on digital mobile communications 
(““DIB-MOF”) in which signals technology using informa- 
tion transmission is shifted from the rail stretch to the 
tractive unit. The envisioned broadband transmission 
allows simultaneous transmission of other operational 
data and passenger communications. This creates a control 
system that reacts quicker and more comprehensively to 
the challenges of rail transport (“smart rail”). 


Additional research themes include noise reduction of the 
rail-on-wheel system, activities to enhance the economy of 
the rail operation and humanizing the working environ- 
ment in the rail sector. 


Magnetic Levitation Technology 


The TRANSRAPID rapid magnetic railway ts primarily 
conceived as a high-speed system for the transport of 
individuals and is designed for speeds up to 500 km/h. In 
practical use its speed is situated between 300-400 km/h. 
In principle, magnetic levitation [maglev] technology is 
also suitable for the rapid transport of high-value express 
freight that currently is often shipped as air freight. 


At present, since noise is increasingly being perceived as 
serious environmental pollution, the comparatively little 
noise generated with TRANSRAPID is of major impor- 
tance. It levitates and brakes without making contact. As a 
result rolling and braking noises are not a factor. The 
remaining aerodynamic noises depend on the velocity. At 
identical velocity, the TRANSRAPID 1s considerably qui- 
eter than the railway. As it enters the urban area with 
medium speed it is virtually no longer perceptible because 
of the steady presence of surrounding noise anyway. 


Energy consumption too is lower at the same speed than 
for rolling stock, since the wheels are subject to drag. 


A further advantage: 


The contact-free levitation of the TRANSRAPID makes it 
a virtually wear-free vehicle. 


It is typical of the TRANSRAPID that it can climb 
relatively steep inclines and maneuver through compara- 
tively tight curves so that its travel route can be well 


85 


adapted to the landscape. By converging with existing lines 
it 1s possible also to keep use of the countryside within 
limits. 

The prototype of the TRANSRAPID has covered more 
than 100,000 km on the experimental stretch at Lathen im 
Emsland, and in the process realized speeds up to 435 
km/h. In November 1991 the federal railway’s central 
office in Munich, together with outside expert consultants, 
certified that the TRANSRAPID was ready for technolog- 
ical application. Hence this new high-speed system can be 
included in federal transport policy planning. For the 
federal transportation routing plan for 1992 the 


Hannover-Halle-Leipzig, 
Hamburg-Berlin, 
Hamburg-Parchim-Berlin, 
Berlin-Dresden and 
Stuttgart- Nuremberg-Dresden 


connections were studied with a view to possible use of 
rapid magnetic rail. It turned out in this setting that, above 
all, the Hamburg-Berlin stretch merits favorable assess- 
ment. The Hamburg-Berlin stretch therefore is a candidate 
for preliminary use of the TRANSRAPID. As a “new 
train” and tying in with the tradition of the “flying denizen 
of Hamburg” it will be possible to connect the two largest 
cities of Germany with one another in less than an hour. 
Then the time interval separating the two cities will be on 
the order of travel times within a city. Traffic volumes 
projected by the experts would make possible a 10-minute 
cycle. 


After the decision of the German parliament to move itself 
and parts of the government to Berlin a Bonn-Berlin 
connection was also included in the studies. In this context 
it turned out that extending the Berlin-Hamburg stretch 
towards Bremen-Ruhr region-Cologne-Bonn may offer a 
further transport prospect over the long term. 


The additional trial runs needed to realize serial readiness 
and approval as a public means of transport for individuals 
are to be done in a preliminary operation on an initial 
portion of an applied stretch. Concomitant with that the 
BMFT is supporting other technological improvements 
beyond the level of development that has been realized. 
This concomitant action will make possible an economic 
cycle of continued development of the TRANSRAPID and 
a smooth transition to applied use. 


By the autumn of 1993, corrosion damage, resulting from 
material flaws, will have to be eliminated from the exper- 
imental stretch. Also, new solutions for the magnetic 
fixture are to be tested and the electronics for the opera- 
tional control system modernized. 


Local Public Transportation 


As a rule the transportation in a city has to conform to the 
realities of the residential structure and the economic 
hubs. In this connection conditions often emerge for which 
there is still no satisfactory transportation solution. In 
conurbations and, above all, in the major cities, during 
rush hours, a trouble-free flow of traffic is often no longer 
guaranteed. Hence remedial efforts have to be intensified. 
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In transportation inside of cities, the local public transpor- 
tation of individuals must be made so attractive and 
efficient that it will induce drivers of cars to switch. Busses 
and streetcars are able to transport far more individuals 
than private motor vehicles per occupied area of traffic. 
Another decisive advantage of public transportation is 
lower energy consumption (as of a specified full capacity) 
attended by lower emissions of pollution per individual 
transported. Carbon dioxide [CO,] results from the use of 
fossil fuels in transportation and from generation of power 
on the basis of fossil fuels. A priority goal of the federal 
government is reducing the output of CO, in the atmo- 
sphere because of its contribution to the greenhouse effect. 


In recent years therefore numerous improvements have 
been supported in public means of transport. Use by the 
handicapped and the elderly could be alleviated consider- 
ably through the development of new low-platform 
coaches for streetcars and buses having lower access 
heights. With developments like the lane bus or streetcars 
that also use the railway tracks, integration of the local 
transportation has been improved. Support in recent years 
for development of uniform vehicles for urban rails and 
buses can contribute through cost lowering large series 
production to the required financial relief of cities and 
communities. 


The development of new experimental local transport 
railways like the H-rail line in Dortmund and the M-rail 
line in Berlin was supported up through trial operation. 
The H-rail in the meantime is in permanent operation on 
the property of th. university of Dortmund. The trial 
operation of the M-rail was concluded successfully with 
approval based on the law on the transport of individuals. 
Part of the trial stretch of the M-rail ran on the tracks of a 
former subway line that was closed down after the parti- 
tion of the city. After unification, Berlin therefore decided 
to drop the M-rail so as to put the former subway line back 
in operation. Berlin’s senate has proposed some new 
stretches as a replacement for it to the M-rail consortium 
but it will have to be built with private financing. Other 
avant-garde projects like compartmented taxis that were 
supposed to make it possible to free up some space proved 
to be too costly to realize and in the assessment of their 
social compatibility revealed problems associated with 
personal safety. 


In some cities computer-aided control technologies were 
introduced and are being introduced for local public 
passenger transport. In the opinion of the BMFT this 
should be supplemented with an integrated total transport 
system for conurbations and regions. That results in the 
networking of all transport platforms and simu\taneously 
optimizes the existing infrastructure in terms of specific 
transport platforms. It is possible in particular through 
such transport system management by using advance com- 
munications systems for there to be an effectively compre- 
hensive control strategy. An essential component fer 
bridging individual transportation and local public pas- 
senger transport is park-and-ride terminals for which there 
are now space-saving solutions. Such terminals, however, 
still need to be tested in practice. 
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Motor Vehicles and Road Traffic 


Forecasts up to the year 2005 indicate that even in the 
future the motor vehicle will continue to be the over- 
whelming means of transportation in the conveyance of 
individuals and merchandise. The continued development 
of the motor vehicle as such is purely an industrial con- 
cern. Aspects of pollution emission, energy consumption 
and safety, on the other hand, do fall under official 
preventive action. 


The spectrum of scientific problems to be addressed 
includes the impacts of commercial vehicle designs on 
road stress that is of special economic significance. In the 
implementation, planning policy and data protection legal 
grounds have to be respected. In terms of the Common 
Market attention is given here to close cooperation and 
coordination with the EC’s programs. 


As early as the start of the seventies the use of alternative 
fuels in connection with the energy crisis was discussed 
and tested. In light of the CO, problem, the results from 
that period are taking on renewed currency. Prototypes of 
hydrogen vehicles have been developed and tested for 
storing hydrogen in on-board solid (hydride) and liquefied 
petroleum gas tanks. It has still not been possible so far to 
demonstrate to practical effect high-pressure gaseous 
storage. For this reason a commercial vehicle design on 
this basis is to be developed. It is expected that the 
pollution component NO,, that is, the only one resulting 
from the use of hydrogen, can still be significantly reduced 
further. For methanol, the threshold for competition has 
been realized with conventional technologies so that the 
implementation of the results can be done by industry. 
However, there are still gaps in knowledge regarding 
lubricants that allow alternate operation with gasoline or 
methanol as well as regarding formaldehyde emissions 
during the cold starting of methanol. There are also still 
logistical concepts that need to be developed for gradual 
introduction on the market. Methanol from wood, ethanol 
from sugar or amylaceous biomasses and plant oils are the 
most promising concept lines. At present, biofuels are 
considerably more expensive than conventional ones. The 
economic problems here reside primarily in the agrosector, 
while the applied technology in turn, with a few excep- 
tions, is thoroughly familiar. The use of crude, non-refined 
rapeseed oil is being tested in direct-injection diesel 
engines in order to obtain information on continued 
operatability, exhaust gas emissions and fuel consumption. 


Even the components for electric vehicles are to hand 
although still not optimized for ordinary use in an electric 
vehicle. At present, energy storage is still the critical 
element. With the successful development of the sodium- 
sulfur battery, a storage device is available that displays 
several times the energy density of conventional jead 
batteries. Until incorporated in serial production, electric- 
drive vehicles have to be optimized with battery storage 
and undergo continued testing. The BMFT is supporting a 
field test for this purpose on the island of Ruegen that 
began in the fall of 1992. Major technological usc: of 
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electric vehicles and their integration into the transporta- 
tion universe also require supporting planning policy mea- 
sures. 


In the case of diesel engines for passenger and commercial 
vehicles the exhaust emissions definitely have to be low- 
ered further while simultaneously safeguarding the high 
economy. Besides hydrocarbons (HC) that contribute to 
the formation of ozone and smog, nitrogen oxides [NO,] 
and particulate emissions should be further reduced. In 
this process, K&D activities on the engine and ancillary 
systems have to be optimally coordinated with one another 
and focused on a fully effective entire system. 


The gasoline engine still has considerable potential for 
optimization of fuel consumption and scaling back on 
exhaust values. Independently of catalyzer technology, 
exhaust emissions, including particles not limited up until 
now, like benzene, should be further reduced through 
improvements in the engine itself and simultaneously, fuel 
consumption continually lowered. This should be realized 
with the continued development of mixture processing, of 
the combustion cycle and electronic controls. 


In the area of improving the active travel safety of pas- 
senger cars, the behavior of drivers in vehicles with auto- 
mated preventive interlocks is being studied to determine 
whether information and training measures are required to 
fully tap the possible advantages of such systems. For 
continued improvement of the protection of vehicle occu- 
pants against injuries in the case of an accident, the type of 
safety gains that can be realized through compulsory 
introduction of airbags is being studied. A process for 
formulating projected vehicle safety assessments is being 
developed to improve consumer information on the active 
and passive safety of different types of passenger cars. 


Traffic Information and Control Systems 


As the EUREKA project PROMETHEUS, among others, 
demonstrates, the use of modern communications technol- 
ogies in road transport makes it possible positively to 
influence traffic flow, traffic safety and environmental 
pollution. Timely and current data on the traffic situation 
can, among other things, increase transportation safety, 
cut the number of backups and avoid unnecessary search 
trips (e.g., for the right direction or a parking place). This 
could save energy and reduce emissions. In the future 
various technologies will be available to transmit collective 
or individual information on the situation. In the BEVEI 
[Better Traffic Information] project, digitally-coded collec- 
tive traffic reports are broadcast via the existing audio 
system. Beacon systems and mobile communications’ 
traffic data channel will then facilitate individual informa- 
tion transmission between vehicle and infrastructure. A 
number of other technological transport applications in 
the transportation of individuals, merchandise and public 
passengers could be realized, e.g., individualized routing. 
Possible early warning of tailgating by means of roadside 
infrastructure facilities on freeways or especially for fog 
zones by means of autonomous vehicle systems are addi- 
tional examples of this. 
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Especially autonomous vehicle traffic information sys- 
tems, above all, for smart speed control and spacing alerts 
are developed to the point that they could be introduced in 
the short or medium term. Their introduction will require 
no infrastructure measures. But there will be a need to 
clarify further the impact on the total transport system plus 
a number of legal questions, e.g., on product liability. 


Test Stretches for Commercial Vehicles and Transport 
of Hazardous Materials 


To be able to study and improve the travel stability (e.g., 
behavior on curves or evasive maneuvers), an appropriate 
test stretch is necessary. The necessary parameters and 
appropriate locations for this purpose are being studied by 
the BMFT in a concept study. In the process, in close 
cooperation with the BMV, organizational and financial 
models are also being developed for planning, construction 
and operation on a commercial basis. 


Hazardous Materials [Hazmat] Transport 


In 1990, according to estimates and projections of the 
federal department of statistics, in internal laender traffic 
(rail, long-haul trucking, domestic shipping) in the original 
laender, approximately 135 million tons of hazmat, such 
as explosives and fuels, chemicals, etc., were transported. 
That is 13 percent of total goods transported. Almost 36 
percent of it was hauled on roads by means of tank trucks 
or tractor trailers. For the area of the GDR, in 1989, a 
study commissioned by the BMV gave 47 million tons as 
the total volume of hazmat. 


In a risk analysis of the transport of hazmat the accident 
risk of typical transport chains should be ascertained and 
weak points in the transport of hazmat disclosed. The goal 
is formulation of a systems model for risk analysis that will 
facilitate the planning for reduced-risk transport. Safe 
haulage of hazmat first requires information systems for 
hazmat management from the sender to the recipient, that 
rapidly and comprehensively process the necessary data 
and makes them available. Next, technologies need to 
continue to be developed for safe handling of hazmat. Both 
activities should be combined into a holistic approach for 
“hazmat logistics.” 


Accidents in which hazmat transport is involved can have 
quite severe consequences (explosions, input of chemicals 
into the ground and ground water). Since 1981, therefore, 
projects like TOPAS [Tank Trucks Having Optimized 
Passive and Active Safety Systems] and THESEUS have 
endeavored to enhance the safety of tanker trucks. Travel 
properties on curves or in evasive maneuvers were stabi- 
lized with in-depth foci. New designs for tank frames 
should keep the contents from escaping after an accident. 
A trial stretch for heavy commercial vehicles is needed for 
testing vehicie properties. Automobile manufacturers’ trial 
stretches are not appropriate for this purpose because of 
the far higher roadway strength that is required. 


Merchandise Transport and Transport Chains 


For a highly developed industrialized country like Ger- 
many an efficient system for the transport of merchandise 
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is a basic pillar in an effective, division-of-labor based 
economy. In 1989, therefore, just in the domestic laender 
transport in the original laender, more than three billion 
tons of merchandise were transported, handled and tem- 
porarily stored (not included in the reckoning is the large 
volume of transport with businesses). The percentage of 
traffic-bearing roads carrying this volume of transport was 
far in excess of that for railways and domestic shipping. 
Truck transport dominance will also characterize the nine- 
ties. 


Future research oriented towards ecological and econom- 
ical transport of merchandise has to be more involved with 
the development of new forms of cooperation. Quality and 
effectiveness of the total transport chain are considerably 
influenced by the nodes linking the respective transport 
platforms. They have to be improved in terms of informa- 
tion engineering and technology. 


New Forms of Rail/Road Cooperation 


The railway as a transport platform is being assigned quite 
special importance in optimizing the transport of mer- 
chandise since shifting transport from the roads to the rails 
makes a considerable contribution to reducing traffic and 
lowering environmental pollution. Projects like the 
“model terminal” have made significant contributions to 
further development of the conventional from of com- 
bined rail/road transport (container and piggyback trans- 
port). In the future, too, new forms will have to found for 
developing additional areas of cooperation between rail 
and road to conform with the market, for example, for the 
medium-distance range up to 300 km or the partial load 
sector. System approaches like bi-modal technology or 
CARGO 2000 for the partial load sector are pointing out 
new directions here. 


Greater Integration of Domestic and Coastal Shipping 


Existing reserve capacity on the seas and internal water- 
ways recommends exploring the possibilities of that trans- 
port platform on the basis of traditional transport of bulk 
goods also fur the higher-value breakbulk sector and inte- 
grating shipping as well as domestic and sea ports as links 
in the transport chain in a division-of-labor based, coop- 
erative transport. 


In the total transport chain, the seaport plays a central 
function in international transport. Besides its proper 
transshipment function, it is currently gaining increased 
importance as a logistical service center. The support 
focus, “Innovative Seaport Technology” (ISE-TEC) sup- 
ports on a sustained basis the development of seaports into 
modern, logistical service centers. That support focus 
should reach its conclusion in the mid-nineties. 


Growth in Transport Volume Without Additional 
Traffic 


To be able to cope with the anticipated surge in transport 
volume with increased traffic there has to be better full use 
of vehicle capacities. Above all, the percentage of dead- 
heading, that presently still continues to approximate 30 
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percent, should be reduced. The use of new control systems 
and integrated logis!ics is necessary for an optimized and 
flexible transport arrangement. With the current projects it 
is possible to develop crucial components for data net- 
working, improved !ayout and integration of transport 
inside and outside of companies. In upcoming years the 
individual developments should be combined into a 
holistic approach in a limited experimental model as an 
example. 


14. Geosciences and Safeguarding of Raw 
Materials (Support Sector O) 


Geosciences, Especially Deep Drillings 


Our store of knowledge about the earth has been revolu- 
tionized in the last two centuries and has led to a new 
understanding of the growth and development of the 
earth’s crust. The concept of plate tectonics entailed a 
completely fresh interpretation of the processes of moun- 
tain building and erosion and of the shaping of the 
continents. The successfully concluded studies of the inter- 
national Deep Sea Drilling Project are being continued 
with German participation in the Ocean Drilling Project. 
On the basis of the results obtained there geoscientific 
research is turning more intensively to an exploration of 
the complicated development of the nearly four billion 
year old continents. Internationally, the numerous 
national activities to explore the earth’s crust are com- 
bined in the “international lithosphere program”’ that is 
being sponsored by the “International Council of Scien- 
tific Unions.” 


The Potsdam Georesearch Center (GFZ) 


The science council’s (WR) recommendation to establish a 
GFE for geosciences—the GFZ—is part of the recasting of 
the research scenario in the new laender. The WR recom- 
mendation and the founding of the GFZ by the BMFT and 
MWFT in Brandenburg in 1992 are based largely on the 
scientific and technological successes of the FRG’s Conti- 
nental Deep Drilling Program (KTB) and the DEKORP 
[German Continental Seismic Reflection Program] project 
that are currently located with the Lower Saxony Land 
Department for Soil Research (NLfB) and they clearly 
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demonstrate Germany’s prominent position in the field of 
continental lithosphere exploration (cf. also part VI, sect. 
3.2.6). 


The GFZ’s principal responsibility is, first, its own inter- 
disciplinary basic research in all fields of geoscience and, 
second, joint research in large geoscientific projects with 
other research institutes. Until now there has been no GFE 
in Germany that covered the entire spectrum of geoscien- 
tific research and could serve as 2 national focal point for 
the major projects to explore the continental lithosphere. 
So far there has also still not been any comparably devel- 
oped research institute worldwide. 


With the GFZ’s own research activities and future coordi- 
nation of DEKORP and assumption of a future interna- 
tional continental deep drilling program in the framework 
of joint research, the GFZ is becoming an effective partner 
for universities in Germany, especially also for the univer- 
sities being developed in the new laender. 


Both of the BMFT-supported major German geoscientific 
projects are contributing significantly to the international 
lithosphere program: 


The KTB 

The KTB as a major geoscientific basic research project 
has as its goal exploration of the basic chemical and 
physical conditions and processes of the earth’s deep crust 


and contributing towards clarification of the growth and 
geological development of earth’s European crust. 


In a broadly designed, interdisciplinary research program 
nearly 300 scientists from all geoscience disciplines, such 
as geology, geophysics, geochemistry and mineralogy plus 
physics, chemistry and the engineering sciences, are 
studying in nearly 100 individual projects the crystalline 
stones, liquids and gases obtained from the drilling as well 
as the environment of the drilling. 


The scientific, operational and technological implementa- 
tion of the program is incumbent upon the KTB project 
group in the NLfB in Hannover. 


Preliminary technical studies and preliminary geoscien- 
tific investigations in 1986 led to the decision to sink the 
deep drilling in Windischeschenbach (Upper Palatinate). 
The KTB’s preliminary drilling was successfully concluded 
after 560 days of drilling (early April 1989) at 4,000.1 m. 


The results of this virtually completely cored drilling 
entered into the planning for the main drilling that began 
in the autumn of 1990 and is planned for the time being for 
a target depth of 10,000 m, reflecting a target temperature 
of nearly 300°C, that should be realized about mid-1994. 
The technological layout of the main drilling permits 
sinking down to a max. 12,000 m. By the end of 1993, on 
the basis of the results obtained by then, a decision is to be 
made on the possibility of a sinking. 


On 27 August 1991 the KTB Upper Palatinate main 
drilling went beyond the final 4,000.1 m depth of the 
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preliminary drilling and thereafter penetrated into scien- 
tific virgin territory; at the end of February 1993, a depth 
of 7,219 m was reached. The vertical drilling technology 
developed for KTB facilitated sinking a vertical borehole 
and thereby laid the groundwork for realizing greater 
depths. With the assistance of that independently control- 
lable vertical driiling gear it was possible successfully to 
make corrections in the course of the drilling under unex- 
pectedly difficult mountainous conditions. To guarantee 
the verticality of the borehole, down to about 8,000 m, 
active control of the course of the borehole is required 
using the vertical drilling systems. 


The material that is obtained is studied in field laboratory 
right at the drilling while continued further studies are 
performed at the university institutes and other research 
institutes. The stone in the immediate vicinity of the 
borehole was measured using a comprehensive borehole 
measurement program. 


Through the use of a recently developed diamond drill 
head it was possible to obtain from that depth the largest 
and heaviest core drilling of the earth to date (diameter: 24 
cm). 


Scientific knowledge of geothermy and seismology indi- 
cate that the central t~rgets, especially the 300°C mountain 
temperature could be realized with a high degree of prob- 
ability already at 10 km. 


Another important aspect of the KTB ts the intensification 
of international cooperation. Examples that can be cited 
are cooperations with the U.S., France, the Czech Republic 
and the CIS. 


DEKORP 


The aim of DEKORP is systematic geophysical study of 
the subsurface of Germany’s low mountainous area to a 
depth of ca. 40 km. Also, special broad seismic measure- 
ments are being performed and processed by DEKORP 
organization for KTB. 


The project is now at the end of its second phase of activity 
(each lasting ca. four years). As a result, among other 
things, 2,400 km of profile lines in the low mountainous 
region were measured two-dimensionally and structurally 
interpreted and a three dimensional (3D) seismology 
under the “integrated seismology of Upper Palatinate 
1989” was carried out in the vicinity of KTB. 


The interim results of the 3D seismology have already 
yielded valuable insights in regard to the KTB and gener- 
ally on the significance of the western edge of the Bohe- 
mian crystalline massif. 


As early as 1990, the year of reunification, the first totally 
German profile was measured by DEKORP on the 
northern fringe of that crystalline massif that primarily 
should help settle recent hypotheses about its origin. 
Simultaneously therewith the transition to depth seis- 
mology tasking in the new laender was made. The promi- 
nent geological-tectonic position of the low mountains in 
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central Europe will receive special attention in the plan- 
ning for the next DEKORP activity phase. 


Safeguarding of Raw Materials 


A guaranteed supply of raw materials is indispensable for 
Germany, since it consumes about 10 percent of mineral 
raw materials mined annually around the world, but it 
participates with less than one percent in international 
mining. It has its own adequate supplies only of potassium 
and rock salt and some stone and earth raw materials and 
industrial minerals. 


Mineral Raw Materials 


The BMFT’s suppoit activities are aimed at developing 
and optimizing new and improved processes for pro- 
cessing and working poor complex ores for special prob- 
lems in the PRC and Romania. The projects expire in 
1994, since the BMFT’s “raw material research” support 
focus was terminated and hence in the future budget 
funding will no longer be available. These expiring activi- 
ties are offset by a definite increase in support possibilities 
under the EC program, “Industrial and Materials Technol- 
ogies.”” That program enables support of projects in the 
areas of prospecting and exploring, mining technology, 
processing, metallurgy and recovery. The activities should 
help guarantee the competitiveness of Europe’s plant con- 
struction and metallurgical technology. 


Until the end of 1990, under a si pport program to search 
for mineral raw materials, the BMWi supported German 
industrial projects at home and abroad, insofar as those 
projects were expected to contribute towards improving 
Germany's or the EC’s supply of mineral raw materials. 


The search was supported for the type of mineral raw 
materials that on the long view, even considering possibil- 
ities of substitution, hold considerable importance for 
Germany's economy and for which, over the medium to 
long term, sustained supply difficulties were to be 
expected. The funding made available for this purpose, 
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however, was not deemed an outlay for R&D and therefore 
iS not contained in this report’s statistics. 


The basic institution advising the federal government on 
problems of raw materials research is the Federal Institute 
for Geosciences and Raw Materials (BGR) under the 
purview of the BMWi, Hannover/Berlin (cf. also part VI, 
sect. 5.4.3). 


Literature: “Annual Report On the Raw Materials Situa- 
tion”; Series: “Study On Supply and Demand of Raw 
Materials.” “Laender Economic Reports On Raw Materi- 
als.” 


International Cooperation 


Under Technical Cooperation (TZ) with developing coun- 
tries, the BMZ support projects to substantively and insti- 
tutionally strengthen national sponsoring authorities in the 
sector of actually georelevant preventive action. The exec- 
utive authority here is also the BGR that is currently 
implementing 39 relevant TZ piojects in 21 countries. 


The activities include elaboration of studies and research 
work, implementation of training and advanced training 
activities, providing technical equipment and awarding 
scholarships to professionalize national geological services 
and other sponsors. 


In the framework of partnership projects, scientific experts 
from the developing countries are acquainted with the 
latest state of knowledge regarding special analytical pro- 
cesses and their methods of interpretation; included in that 
and of major significance are processes for producing 3D 
ground water models, isotopic geochemical studies on 
hydrocarbon exploration, aerogeophysical measurements 
for prospecting for ores and use of the latest radar satellite 
imagery data. In the course of project activities the 
methods have to be adapted on site to the respective 
conditions. 


Included in the foci for international cooperation are 
advisory projects for formulating geological bases for 
regional planning. The projects contribute towards cov- 
ering the need for ground water, landfill areas and raw 
materials for construction, especially in the urban sprawl 
of the developing countries. 


In the sector of reconnoitering for deposits, the aspects of 
resource-friendly obtention of mineral raw materials are 
uppermost. In this connection the partners are instructed 
to subject to a review for environmental-friendliness the 
process of reconnoitering for deposits, the mining of raw 
materials, processing of the ores and even creation of 
stockpiles. 


The greatly increasing demand for potable and industrial 
water in the parched areas of the earth has made the search 
for water one of the most critical fields of international 
cooperation. Through the use of diferent geophysical and 
hydrochemical processes, ground water supplies are sized 
up quantitatively and qualitatively. Additionally, projects 
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for treating contaminated industrial water, for reducing 
losses through pipes and for sanitary and hygienic activi- 


ties are supported 


The aim of the BMZ’s international cooperation is in any 
event, through dissemination and transmission of know- 
how, to upgrade national structures in developing coun- 
tries to professional autonomy and to come up with 
appropriate solutions to problems specific to each courtry. 


15. Environmental Planning and Urban 
Development; Construction Research, Protection 
of Historical Nlonuments (Support Sector P) 


Environmental Planning, Urban Development, 
Housing 
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Planning, Construction and Urban Development (BMBau) 
supplies the basic scientific information for this purpose. 


After the realization of German unification, the necessary 
elimination of regional imbalances between new and ong- 
inal laender poses a special challenge. Other additional 
challenges emerge from the change in Europe, European 
integration in the EC and completion of Europe’s domestic 
market in 1992. 


The required scientific decision-making aids for the 
BMBau’s specialized responsibilities are obtained by 
awarding rese?rch projects (contract research) and through 
applied rese -h under experimental! housing and urban 
developmeni (model project). In addition, the Federal 
Research Institute for Regional Studies and Environ- 
mental Planning (BfLR) subordinated under the BMBau 
and some institutionally supported research institutes 
elaborate scientific and informational bases for depart- 
mental! responsibility in the areas of environmental plan- 
ning, urban development and housing construction (cf 
also part VI, sect. 5.12) 


Independently of such departmental research the recently 
Originated super-regional scientific institutes also deserve 
mention in the area of environmental planning. They were 
developed in the course of the restructuring of the total 
German research landscape and the dissolution of the 
former GDR academies (including the Construction 
Academy) in the new laender (on this, see part VI, chap. 4 
and sect. 5.12) 


Current Research Sectors in the Area of Contract 
Research 


The following foci from the BMBau’s contract research 
warrant mention: 


—Research in the area of environmental planning policy 
has the responsibility for studying the environmental 
impact of various policy sectors, to note development 
trends and derive from them the starting points for a 
forward-looking environmental planning policy 


As a result of German unification the fundamental envi- 
ronmentai planning policy objective of creating equal 
living conditions in all areas has acquired fresh currency 
In this context major importance 1s assigned to the areas of 
basic infrastructure equipment, cleanup of the environ- 
ment and residential development also in terms of the 
necessary economic development. The requirement for 
research 1s high since only thereby will land and regional 
planning in the new laender start to establish itself and 
formulate the legal and programmatic foundation 


The environmental and residential structural conse- 
quences of the European unification process are also being 
studied on a focal point basis insofar as they make a fresh 
assessment of the patronage status of the FRG’s regions 
necessary and for ways of being able to improve regional 





Environmenta! planning, urban deveiopment and housing 

ynstruction policy hold direct significance for the housing en 
and living conditions of the population, the environment —In the area of urhan development policy research activi- 
and the region’s development possibilities. The depart- ties target, among other things, the problems of residen- 
mental research of the Federal Ministry for Environmental tial and urban ecological improvement business and 
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urban development and the problem area of urban 
development and transportation. The reuse of areas 
formerly used for defense (conversion) is yet another 
focal point. In the new laender the responsibilities for 
rehabilitation and renewal in urban development 
including housing construction are uppermost. The 
decay there of many towns and municipalities needs to 
be stopped in urban development terms and the munic- 
ipalities given economic impetuses. 


—Research in the area of housing policy is concentrated on 
the analysis of developments in the housing market both 
for the existing housing and new construction sectors. 
Various research projects on rent rebates are dealing 
with continued development of the system for allocating 
rent rebates adapted to the altered price situation in the 
original laender and the new requirements in the new 
laender and eastern districts of Berlin. In the new 
laender the effects of the modernization programs and 
changes in the housing supply are studied separately. 
For the original laender the social function of housing is 
taken into account through analyzing the possibilities 
for acquisition of occupancy rights on the basis of 
experiences from various Cities. 


—Research in the area of construction policy deals, among 
other things, against the backdrop of the realization of 
the EC’s internal market, with the impacts and require- 
ments of uniform processes for construction charges, 
specifications, reviews and permits (“Eurocodes’”). 
There are also foci in the area of construction quality 
and economy—above all from the viewpoint of pro- 
tecting health and the environment and avoiding struc- 
tural damages. 


The results of the research activities are used directly for 
implementation and further development and for 
informing the German parliament on current develop- 
ments and the need for action in the indicated policy areas. 
They are widely published in the BMBau’s serial publica- 
tions and are also available to anyone via the environ- 
mental and construction information center in Stuttgart 


Experimental Housing and Urban Development 


The BMBau’s general contract research is supplemented 
by the experimental housing and urban development activ- 
ities. Research with “constructed” case studies under 
experimental housing and urban development help to test 
in a practical way insufficiently validated knowledge, to 
envision possible solutions and to review them under real 
conditions in collaboration with all relevant parties. Above 
all, in controversies over the implementation of difficult 
tasking, experimental case studies are crucial for validating 
decisions, for consensus building and for assessing the 
relevance of problems. This entails planning or construc- 
tion activities thai serve in a targeted manner as model 
projects for processing and addressing specific BMBau 
departmental research problems. They differ from ordi- 
nary construction projects by being part of the implemen- 
tation of a research design that is associated with special 
conditions and, as a rule, additional risks and difficulties 
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in terms of the planning cycle, construction and financing. 
The individual model projects are selected by the BMBau 
upon application and in unison with the laender after 
being prepared by scientists. 


In the new laender too the model projects and case 
examples for selected problems in the form of examples 
constitute an important instrument for “early detection” 
of problems and possible solutions. The foci include 


—cost- and space-saving construction 


—urban ecology, environmental quality in new residential 
construction 


—inter-municipal development concepts 


—urban and village renewal. 


Research on Monuments, Road Building, 
Construction Research and Technology 


Research on Monuments 


The BMFT’s support activities in the area of construction 
research and technology are concentrated on R&D for care 
and preservation of monuments as part of the historical 
building patrimony. Between 1986-1992 basic knowledge 
was significantly expanded in the individual research 
thematic sectors. Activities were supported in the fol- 
lowing areas: 


—Assessing and comprehending the potential risk and 
cataloging of the phenomena were conciuded. 


—Quantification of individual weathering factors and 
their damaging impacts on the monumental legacy was 
initiated. 


—There was some advance in developments for diagnostic 
and treatment processes. Cooperation with industry was 
successfully introduced and yielded preliminary interim 
results. Te long-term effects, however, have to be 
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carefully checked out before any use of new materials 
and processes on the historical building patrimony. 
Despite accelerated laboratory testing processes, dem- 
onstrated suitability car be realized only over a rather 
long time. At the moment, developments to this effect 
are still not generally available. 


—On the other hand, there will soon be appropriate 
restoration materials available for fixing up masonry 
and plaster bracings. 


—Besides activities for specific damage on wooden parts 
and primarily handicraft techniques for treating them, 
the target of BMFT-supported projects is primarily 
damage to exposed framework materials. The compre- 
hensive assessment of exposed framework materials, 
their combinations and assembly through observations 
of the objects and concomitant laboratory testing will be 
concluded by 1995. 


—Diagnostic processes have been developed for applica- 
tion in the laboratory and to the structures. These 
include processes for mapping and logging damage, 
analytical processes for natural stone, mortar and 
organic substances in monuments. For a won-invasive 
determination of the moisture content in building mate- 
rials, a critical problem, approaches that promise to be 
successful have been produced. Prototypes of equip- 
ment on this basis will be tested in coming years. 


Appropriate research institutes and universities in the new 
laender are being integrated in sponsorship cooperations 
with partners in the original laender. Extensive provi- 
sioning of equipment and technical supplies is being 
initiated in the new laender and made available for 
research and practical application. Between 1990-1992 
more than 40 percent of the funding available here was 
injected into the new laender. 


In 1992 therefore the BMFT’s research on monuments 
may yield a generally positive balance for the previous 
basic phase. Topping the list or future activities is deeper 
knowledge having an applied orientation and development 
activities through increased cooperation in actual care of 
the monuments. 


The cycle of action required for any interdisciplinary 
activity to care for monuments is the subject of a compre- 
hensive experimental model “test of function and accep- 
tance of model control centers for diagnosis and therapy of 
historical monuments through study of pilot objects.” In 
it, selected historical monuments are worked on as pilot 
objects with problems keyed to various thematic clusters of 
the BMFT’s research by a number of teams organized on 
an interdisc'plinary basis. BMFT support extends to the 
following thematic foci: 


—weathering damage to natural stones and mortar of 
historicai Urickwork, sculptures and decorative elements 


—damage and flaws jeopardizing the support stability of 
the material bracing of historical brickwork, its founda- 
tions and substratum 
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—complex environmental pollution damage to historical 
mural/plaster/masonry bracings 


—damage to historical tile and framework structures. 


With this experimental model the BMFT is supporting an 
activity for implementation of R&D results in practical 
applications. Its results and experiences may provide the 
laenders’ top authorities protecting historical monuments 
with a basis for making decisions in terms of the institu- 
tionalization of interdisciplinary working groups having 
that responsibility. 


Road Building Research 


The reunification of the two parts of Germany, the 
opening of the borders and the liberalization in East 
Europe have altered the external conditions of transport 
policy. This has entailed a further increase in the scope of 
responsibility in the building of roads and bridges. More 
than ever, such responsibilities require need-oriented plan- 
ning of the federal system of long-distance roads, attention 
to environmental protection, improved transport safety 
and circulation of traffic as well as reducing the cost of 
maintaining the road system and its structures. 


Scie atific studies from research on transport economy, 
road planning, road building and traffic engineering—also 
focused on the Federal Transportation Routing Plan 
(BVWP)—contribute to the specialized requirements for 
efficient observation of the responsibilities established in 
the Basic Law both for improvement of the regulations on 
federally uniform application of preliminary, imple- 
menting and operational construction measures in the 
long-distance roads sector. They also facilitate exploitation 
of the current state of technological knowledge in seeing to 
political responsibilities. 


The foci of BMV’s research activities at present are con- 
sistent witn current transport policy objectives: 


—in the planning and design sector: 


changed bases for the need for roads, environmental 
protection and environmental friendliness, road design in 
local thoroughfares and on highly traveled roads; 


—in the area of road traffic engineering: 


impacts of new technological developments on traffic 
safety and traffic circulation, traffic impact and new traffic 
control technologies, elimination of accident hotspots 
using traffic engineering resources; 


—in the area of road building technology: 


quality assurance ar.d continued development of construc- 
tion materials and techniques mindful of EC harmoniza- 
tion, measures to optimize road maintenance, use of 
recycled construction materials and industrial by- 
products, streamlining of road maintenance and road 
operation; 


—in the area of bridge building and civil engineering: 
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quality assurance and continued development of construc- 
tion materials and techniques, designs and promising 
models mindful of EC harmonization, continued develop- 
ment of structural reviews and maintenance strategies. 


Critical key analyses on the basis of v!°~points having a 
practical focus facilitate efficient assessment of the 
research results and a rapid conversion into necessary 
administrative measures. 





BMV R&D Outlays for Road Building Research——in 
_ Millions of DM 














Actual Projected 
1990 199] 1992 1993 
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Structural Engineering Research 


The BMFT’s construction research and structural engi- 
neering development on the basis of paragraph 91, sect. 1, 
of the Second Housing Construction Bill, helps to hold 
down housing construction costs and to streamline con- 
struction processes. The construction research program ts 
publicized annually through a tender in the world of 
specialists (research by application) in which the respective 
research foci are cited that also are associated with other 
structural engineering requirements. The project applica- 
tions are discussed in the specialized groups of the con- 
struction research team, in which federal and laender 
jurisdictions, scientific-technical organizations and con- 
struction and housing sector associations are represented. 
Currently thematic foci for research in the area of housing 
construction are primarily: 


—-limitation of construction damages and their financial 
impacts 


—construction of housing for the elderly and the handi- 
capped, “barrier-free” housing 


—healthful construction 
—heat-energy saving and CO, 


—resource-saving problems in construction and recycling 
of construction materials. 


The purposeful support of construction re: earch initiatives 
by universities, research institutes, plami ers, firms and 
others should stimulate innovative develop ments in con- 
struction and housing and simultaneously facilitate struc- 
tural adaptation processes in the construction sector. 
Reports on the results of the supported research activities 
are available to anyone via the FhG environmental and 
construction information center in Stuttgart. Reports of 
results that are especially current and practically signifi- 
cant are published in the BMBau’s serial publications. 


Civilian Defense Structures 


An independent field of structural engineering research is 
dedicated to the area of BMBau civil defense and disaster 
structures. 
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Such research is concentrated on ihe following foci: 


—passive protection against mechanical and thermal 
effects (pressure, impact and fire effects), 


—passive protection against toxicological d>ngers such as 
smoke, poisons, radioactivity, 


—active protection against natural disasters. 


The studies should lay the scientific groundwork for 
protecting individuals as much as possible from the 
results of disasters and/or mitigating their impacts on 
them. The knowledge that is obtained should help 
support administration of observance of the official 
responsibility for “protecting the public” (civil defense 
and disaster protection) with scientifically established 
decision-making aids. 
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16. R&D in the Nutrition Sector (Support Sector 
Q) 


For years the public in Germany has been widely guaran- 
teed an adequate supply, satisfying demand, of qualita- 
tively highly nutritious foodstuffs at moderate prices. 
Consumer standards for their foodstuffs and nutrition are 
increasing and steadily changing. Poor nutritional habits 
(too much fat, sugar, salt, alcohol) lead to increased 
diseases based on nutrition. Problems of foodstuff hygiene 
are calling for increasing attention. Numerous new prod- 
ucts are cropping up on the market. Federally financed 
research in the nutrition sector is oriented towards the 
following nutrition-policy goals: 


—guaranteeing physiologically optimum nutrition and 
hygienically flawless foodstuffs; 


—improvement of the useful and enjoyable values of 
foodstuffs; 


—avoidance of undesired substances in foodstuffs; 
—guaranteeing moderate consumer prices; 
—improving the part played by consumption 


-—nudging consumer and nutritional behavior in the direc- 
tion of wholesome nutrition satisfying needs; 


—safeguarding supplies for periods of crisis and emergen- 
cies. 


On that basis, nutrition research deals, above all, with 
following areas of research: 


—development of objective criteria and standards for 
nutritional, enjoyment and suitability value of food- 
stuffs as well as methods for determining them; 


—physiological assessment of the nutrition in foodstuffs 
and their ingredients plus additives and production 
processes; 


—studies on content and distribution of undesirable sub- 
stances in foodstuffs and avoiding, eliminating or 
reducing them; 


—studies on human nutritivnal requirements and meta- 
bolic processes; 


—studies on the development of new and the improve- 
ment of existing products and on processes for 
improving economies in processing and handling, 
storage, transport and marketing of foodstuffs; 


—studies on causative agents of spoilage and illness and 
development of hygienic measures to avoid/suppress 
them; 


—studies on consumption and nutrition habits and possi- 
bilities of influencing them. 


Nutrition research also deserves the credit for the high 
standard of foodstuffs quality. It has created a spate of aids 
to determine quality standards, hygienic regulations and 
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other legal standards in the domestic and EC arenas. Even 
occasional scandals that surface about foodstuffs do not 
change the fact that the consumer can assume that, in 
general, he is being offered wholesome, absolutely safe 
foodstuffs. Research has greatly helped unmask impermis- 
sible practices. 


Nutrition research is directly and indirectly financed in 
particular by the BML, BMG, BMFT and BMZ. 


The most significant German nutrition research institutes 
are: 


—under the BML 


e Federal Research Institute for Nutrition, Karlsruhe 

e Federal Research Institute for Milk Research, Kiel 

e Federal Research Institute for Meat Research, Kulm- 
bach 

¢ Federal Research Institute for Grain, Potato and Fat 
Research, Detmold 

¢ Federal Research Institute for the Fish Industry 


—under the BMG 


¢ Federal Health Department, Berlin 
e Research Institute for Child Nutrition, Dortmund 
(Blue List) 


—under the BMFT German Institute for Nutrition 
Research, Bergholz-Rehbruecke 


(cf. in this respect also part VI, chap. 5). 


Those jurisdictions also supported research on individual 
problems at universities and other national and interna- 
tional institutes. 


17. R&D in Agriculture and Forestry and in 
Fishing (Support Sector R) 


The responsibility of deparimental research under the 
purview of the BML is to make available to the federal 





This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 














government scientific decision-making aids while simulta- 
neously expanding scientific knowledge in the agro-sector 
to the benefit of the public at large. Other responsibilities 
of agro-research are performed by “Blue List” institutes 
with the federal government shouldering half of the costs. 


There has been quite a change in the basic conditions for 
agro-research as a result of German unification, the col- 
lapse of the former East Bloc and the reform of EC 
agro-policy. The reform of the EC’s agricultural policy has 
as its aim a more competitive agriculture that simulta- 
neor'sly pollutes the environment as little as possible. At 
the same time, political change is bringing pressure to 
develop research for the agriculture of the new laender 
with their different soils, structures and climatic realities 
and their totally different agriculture structure and to 
integrate those into existing structures. After assessment 
by the science council numerous new agro-research insti- 
tutes were created for this purpose in the new laender and 
appropriate adjustments made in a number of institutes in 
the original laender. 


Under the BML the most significant responsibilities of 
agro-research include: 


—Improved understanding of the ecosystem context in 
which agro-production is embedded by studying the 
reciprocal mutual inputs from agriculture and the nat- 
ural economy. The goal here 1s to preserve and econo- 
mize on the respectively exploited resources on the basis 
of sustained output. 


—Study of the possible impacts of global climate change 
on agricultural and forestry and the reactive adaptations 
to be derived from them. Study of the contribution of 
agriculture to the generation of gases affecting climate 
and the possibilities of scaling back on them. 


—Development of forms of agricultural production that 
combine rising demands for meaningful protection of 
the environment and of animals, product quality and 
the nutritional value. The following should contribute to 
this: 


* crop cultivation and breeding through improved 
resistance to pests and diseases, product quality and 
nutritional value and by minimizing resource costs, 

¢ animal breeding that uses the advances in microbiol- 
ogy, genetics, physiology and microelectronics via 
appropriate systems for tending the animals that 
economize on capital and labor. 


The aim is to safeguard animal and plant health as the 
basis of a cost-effective, profitable and quality-oriented 
agro-production. 


—Studies of market and pricing policy such as market 
conformity of the production in terms of quantity and 
quality, measures to improve the competitiveness of 
Germany’s agricultural products on the domestic 
market and for export, effects of world market develop- 
ments and international market prices on agricultural 


policy. 
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—Study of the economic possibilities of developing addi- 
tional markets for agriculture through the production of 
next-generation raw materials. The focus there is on 
areas where the use of biogenetic raw materials may 
simultaneously contribute towards easing environ- 
mental pollution (e.g., biodegradable waste lubricants, 
packaging materials). 


—Development of processes for environmentally friendly 
processing of wastes and residues from agricultural 
production and from the production of foodstuffs. The 
target is production processes in which waste materials 
are minimized, as is the case of the new processes for 
producing cellulose that are undergoing testing. 


—Economic research on possibilities of adapting agricul- 
ture to changed basic economic and legal conditions. 
One focus in this area is the economic research accom- 
panying the transformation of the agrosector in the new 
laender and in East Europe. 


The most significant federal agroresearch institutes 
include: 


—Federal Research Institute for Agriculture (FAL), 
Braunschweig-Voelkenrode 


—Federal Biological Research Institute for Agriculture 
and Forestry, Braunschweig/Berlin 


—Federal Research Institute for Varietal Research on 
Cultivated Plants, Quedlinburg 


—Federal Research Institute for Animal Viral Diseases, 
Tuebingen 


—Federal Research Institute for Forestry and Lumbering, 
Hamburg 


—Federal Research Institute for Fishing, Hamburg 


—Federal Institute for Grain, Potato and Fat Research, 
Detmold and Muenster (cf. also part VI, sect. 5.5). 


In addition to these are the following “Blue List” institutes 
in which the BML assumes a federal percentage of the costs 
totaling 50 percent: 


—Center for Agricultural Landscape and Land Use 
Research, Muencheberg 


—Institute for the Biology of Agriculturally Useful Ani- 
mals, Dummerstorf-Rostock 


—Institute for Agro-Technology, Potsdam-Bornim 


—Institute for the Growing of Vegetables and Ornamental 
Plants, Large Berries, Erfurt 


(cf. also part VI, chap. 4). 


The responsibilities for those institutes, for other subsi- 
dized institutes and for research contracts come to a total 
of DM360 million per year. 


The federal government is a member of the Consultative 
Group on International Agricultural Research (CGIAR), a 
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loose association of governments, international organiza- 
tions and private foundations headed up by the World 
Bank that supports a system currently of 17 international 
research centers and institutes. In those centers funda- 
mental problems of locally appropriate, resource-friendly 
land use (agriculture and forestry), land development and 
agricultural policy are worked on that are of central 
importance for safeguarding environmentally friendly 
nutrition around the world. The federal government par- 
ticipates in the financing of those centers with nearly 
DM30 million from the BMZ’s budget (cf. part V, sect. 
2.10). 


The activities sponsored since January 1993 by the BMFT 
and BMZ in the agro-scientific sector are detailed in 
chapters 10 “Biotechnology” and five “Energy Research 
and Energy Technology” (Support Concept of “‘Next- 
Generation Raw Materials”). 


18. Education and Occupational Training 
Research (Support Sector S) 


Federal Support for Education and Occupational Training 
Research serves, first, to fulfill the Federal Ministry for 
Education and Science’s (BMBW) departmental responsi- 
bilities. Under the appropriate authorities, the research is 
to scientifically prepare and justify federal educational 
policy decisions and cooperation with the laender, e.g., in 
fulfilling joint responsibilities under Article 91a and 91b of 
the GG [Basic Law], by 


—enhancing knowledge of the educational system and its 
ties to other sectors of life and politics—by means of 
international comparisons also, 


—supplying qualitative and quantitative bases for plan- 
ning and decision-making, 


—studying the impacts of the respective measures and 


—laying the groundwork for informing a specialized 
public. 
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General Responsibilities of Federal Educational 
Research 


In a dynamic society, innovation in all portions of it is a 
standing responsibility. The government’s accountability 
for individuals’ opportunities to earn a living that cur- 
rently depend to a large extent on a respective educational 
track, needs to keep adapting educational goals, educa- 
tional content, organization of the teaching and learning 
processes, teaching and learning media and materials and 
the professionalization of instructors to the continuous 
changes in the cultural, sociai and economic conditions of 
life. Germany’s reunification and the East-West rap- 
prochement on one side, the development of the common 
European market beginning in 1993 and continued devel- 
opment of a European Union, on the other side, will call 
for special endeavors in the educational sector too. 
Changes in the total economic and job market situation, 
implementation of ecological insights in society and 
thoughtful exploitation of technological advances will 
impact basic framework conditions too for the design of 
the educational offer, for the transition between education 
and occupation and not least for continuing education. 
Under overall aegis of government the concern is to ensure 
safeguarding the uniformity of living conditions even in 
the educational sector. That includes equalizing socially or 
regionally conditioned constraints on educational oppor- 
tunities. 


In 1991, the BMBW published the study, “Educational 
Research in the FRG—Situational Analysis and Docu- 
mentation” (Studies On Education and Science Serial 
Publications, volume 98). For the former federal republic 
it provides a comprehensive survey of public and private 
educational research institutions, research institutes, types 
and foci, the infrastructure (libraries, databases, publica- 
tions) and the support system and its institutions. Among 
other things, 59 educational research institutes are more 
closely described in terms of their responsibilities and 
organization. A complementary study is issued on the 
structure of educational research in the new laender. 


For the nineties, under the long-term goals and responsi- 
bilities of the BMBW, new departmental research 
emphases have been placed in the areas of ecology, inte- 
gration of emigrants, support for the specially gifted and 
learning-disabled youngsters as well as problems of educa- 
tion and training associated with the EC’s internal market. 
Continuing education, improved educational and profes- 
sional opportunities for women and young girls, improved 
university efficiencies and adjustment to new standards 
for professionalization in occupational training have 
acquired higher status than formerly. The areas of new 
technologies, musical-cultural education and occupational 
training have generally maintained their value. 


Under institutional support the BMBW finances seven 
institutes performing R&D in the educational sector and 
also preserving service responsibilities. They include the 
Federal Institute for Occupational Training (BIBB, cf. part 
VI, sect. 5.14) and the two Institutes for Pedagogy in the 
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Natural Sciences (IPN) at the University of Kiel and 
Pedagogical Study Group of the German Adult Education 
Centers Association (PAS), Frankfurt/M.; cf. part VI, 
chap. 4). The BMFT supports the identically-named MPI 
in Berlin responsible for educational research (cf. specifi- 
cally part VI, sect. 2.1). 


Occupational Training Research 


Under the overall goals of educational research, the job 
world is studied in its impacts on occupational training in 
general as well as structure and content of occupational 
training and continuing education as they relate to the job 
world and to the requirements of professional activity. The 
supply of training vacancies, training quality, bases for 
fresh regulation of occupational training arrangements, 
continuing professional education, occupational learning, 
teaching and learning materials and training of disadvan- 
taged youngsters represent concrete occupational training 
research responsibilities the BIBB is primarily dedicated to 
(cf. specifically part VI, sect. 5.14) and whose research 
program is approved by the BMBW in coordination with 
the laenders’ and social partners’ jurisdictions. 


Besides departmental research, project support also 
includes support for experimental models in occupational 
training and in the training sector. Experimental models in 
occupational training are implemented on the basis of 
Article 91b GG under the Federal-Laender Commission 
for Education Planning and Research Support [BLK]; as a 
rule, half of its costs are shouldered by the federal govern- 
ment. Experimental economic models are supported under 
para. 6, sect. 2, nr. Id of the Occupational Training 
Support Bill (BerBiFG) on the basis of special support 
guidelines by the BIBB through BMBW budget appropri- 
ations. 


Also under the “Work and Technology” program (cf. chap. 
8 specifically), professionalization research and occupa- 
tional training research in a broad sense constitute a 
support focus. 


Under the aspect of problem-oriented TA the “Interac- 
tions Among Work, Technology and Free Time” are 
studied in a support focus. In that connection the impact 
of acquiring and dealing with technology in free time on 
the professional orientation of young people is also a 
theme as well as the impacts of an increasingly technolo- 
gized free-time lifestyle on the attitude towards technolog- 
ical innovations at the work place (in this respect see also 
chap. 22). 


Occupation training research foci include: 


—improvement and continued development of occupa- 
tional training 


In the nineties occupational training is confronted with a 
number of new responsibilities and challenges. Meriting 
mention here, first, are demographic development, trends 
in educational behavior, rapid technological change and 
structural changes in the economy as well as the common 
European internal market in 1993 and the increasing 
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internationalization of the markets. Educational policy 
responsibilities arising from the rapprochement of the 
original and the new laender constitute a special focus. 


—Occupational training support for the gifted 


The federal government attributes high priority to support 
fur special achievement and talent in occupational training 
to improve equality of opportunity for young people who 
decide on an occupational training track and to increase 
the attractiveness of occupational training and continuing 
education from a training, job market and employment 
policy viewpoint (cf. 1990, 1991 and 1992 occupational 
training reports) and in August 1991, therefore, launched 
the “Occupational Training Support for the Gifted.” Sci- 
entific tracking, assessment and further development are 
part of the test phase. An identically named research group 
was set up for that purpose. 


—Supplemental activities 


The need for departmental research to prepare the deci- 
sions that the federal government has to make supplemen- 
tally involves the following substantive areas: 


* improvement in the tenor and methodology of occu- 
pational training, especially with a view toward tech- 
nological and economic structural change, 

* measures in occupational training to support and 
encourage dropouts and potential dropouts from 
occupational training that are especially affected by 
unemployment, 

* information, counseling and support measures for 
young girls and women, esnecially for professionaliza- 
tion in technologically-oriented occupational sectors. 


Safeguarding University Efficiency 


Through research projects and scientific conferences, 
knowledge is to be acquired that is important for the 
federal government to carry out its responsibilities in the 
tertiary sector of education, especially in connection with 
framework planning and framework legislation. Those 
include studies too on the more recent history of the 
universities insofar as they are of supra-regional signifi- 
cance. 


Activities in the following areas in particular are sup- 
ported: 


—restructuring of the tertiary sector, especially 


* curriculum reform (structure of curriculum system, 
restructuring of individual courses, access to univer- 
sities, occupational fields, post-graduate curricula and 
advanced scientific education, reviews in the univer- 
sity sector), 

¢ use of new information and communications technol- 
ogies, 

¢ fundamental issues of university organization and 
individual areas of responsibility, problems of spe- 
cific groups. 
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—quantitative development in the university sector, 
regional offer and specialties structure, demand for course 
vacancies, use of universities, university financing and 
university economy, 


—assessment and support of activities in teaching through 
a model program “competition in university instruc- 
tion” for creation of methodological bases for producing 
instructional reports and critiques in pilot projects, 


—organization, structure and status of research and of the 
next generation of scientists at universities, problems of 
transfer of science and technology between academia 
and the private sector, 


—support for differentiation and competition among uni- 
versities especially through special offerings, even in the 
teaching sector, 


—expanding women’s participation in courses in the areas 
of mathematics, natural and engineering sciences, com- 
puters, 


—development of advanced scientific educational offer- 
ings for supporting women’s’ professional reintegration, 


—elimination of women’s disadvantages in the area of 
science and research (also see above, support for women, 
chap. 1),—continued development of universities in the 
accession area on the basis of university framework 
legislation, especially 


¢ support of information and experience exchange to 
advance the level of development of East German 
universities to the level of effectiveness of the West 
German universities, 

¢ support for cooperation with West German universi- 
ties, 

e exchange of personnel and support for the next gen- 
eration, 

e improved transfer of science and technology to sup- 
port the introduction and application of new compet- 
itive technologies in the economy of the new laender. 


Transitionally, the BMBW is supporting the university 
research project group in Berlin Karlshorst that is dealin 
with aspects of university overhaul in the new laender. 


Development of Continuing Education/Transitioas 
Between Educational and Employment Systems 


The federal government supports projects in the area of 
general and occupational continuing education. The foci of 
such support are the development of a pluralistic and 
competitive system of continuing education in the new 
laender and the development of new continuing-education 
offerings for special target groups and for new fields of 
specialization. Other foci include support for counseling 
on continuing education, development of innovative 
approaches to occupational professionalization in the new 
laender, supra-regional projects in the library sector and 
development and testing of new methods for enhancing the 
efficiency of continuing-education activities. The federal 
government is also studying the impacts of the changes in 


the employment system on the professionalization require- 
ments and structural shifts in the need for professionaliza- 
tion. 


The analysis and projection of labor force supply and 
demand on the basis of training qualifications imparted by 
the educational system should help facilitate access to the 
employment system and improve the employment pros- 
pects for graduates from the educational system. 


Labor force supply and demand analyses and projections 
should facilitate the transition of the individual into the 
employment system and t! ‘eby also improve employ- 
ment prospects. Special atte on should be given here to 
the educational and oc mal curriculum vitae of 
women. 


New Technologies and Media in the Educational 
System 


The new information and communications technologies 
are highly important for the educational system as a target 
and a means of teaching and learning as well as for 
acquiring, storing and disseminating information. The 
following foci are the result: 


—new information technologies call, above all, for funda- 
mental knowledge and abilities and professional quali- 
fications based on them; 


—use of media in the educational system for information 
acquisition and processing, for supporting the learning 
process; study of meaningful applicability of media in 
educational processes and development of media offer- 
ings in the form of examples; 


—media instruction of children and young people for 
future dealing with media offerings; reading encourage- 
ment, reading instruction; 


—studies and model projects for new library activity 
processes, support for target greup activity and user 
counseling, use of new methods in connection with 
library sector responsibilities; 


—improved educational offerings for targeted support of 
girls and women to close the existing gaps in experience 
and action in that sector. 


Support for the Gifted in the Non-Academic and 
in the University Sector 


The federal government deems it—not least in terms of 
constitutional law—a mandate to make it possible for 
every individual to develop his or her talents through a 
differentiated offering of education and training plus com- 
plementary support measures. 


To prepare for the necessary decisions in the past decade 
numerous research projects were financed and imple- 
mented on the foci of identification, counseling and sup- 
port with federal funding. Further research and testing are 
required, e.g., to improve existing processes for deter- 
mining intelligence, creativity, motivation and work habits 
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and to develop additional processes for the identification 
of the specially gifted among children and young people. 
At the same time it is necessary to better clarify the 
importance of the person’s surroundings. 


Foremost are: 


—concomitant research on the numerous federal achieve- 
ment competitions such as “young researcher,” “foreign 
languages,” “mathematics,” “computers,” etc., that 
have proved to be an especially appropriate instrument 
for supporting the gifted, 


—experimental models in cooperation with the laender 
under the BLK to further develop activities already in 
existence, 


—models for non-academic activities, especially develop- 
ment, testing and building of training academies 
affording qualified young people to take part during the 
summer months in two weeks of language courses, e.g., 
in mathematics, languages, biology. 


—improved research on the highly gifted in the university 
sector to close research gaps especially in basic research. 


Environmental Education 


The urgently required change in dealing with nature and 
the environment is rooting itself deeply in people's current 
mode of thought and behavior. A fundamentally new 
understanding of human life and of the place of human life 
in the earth’s natural course, as well as an ecologically 
responsible lifestyle, are necessary. The manner and extent 
that nature and its resources are exploited are to be 
redefined with a view towards a new model for prosperity, 
and human behavior has to be modified to interact and 
interconnect in and with nature and the environment. The 
educational system has a major contribution to make here. 
Not least, it is a matter of interconnecting environmental 
research and environmental education in relevant fields in 
such a way that new knowledge can be gradually converted 
into practical activities. 


In the area of environmental education the following 
themes are being pursued: 


—implementation of the recommendations for ‘‘Protec- 
tion of the Earth’s Atmosphere—a Challenge to Educa- 
tion” published in 1991 


—practical environmental instruction (evaluation) 


—environmental education in professional training (inter- 
national comparison) 


—academic environmental instruction in the cross-fields 
of environmental policy, conservation and academic 
reality 


—technical training and ecological learning in youth 


—ecological and ecotechnological training activity 
involving girls and women 
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—environmental education in sports (professionalization 
and materials) 


—Ecocredit 2000—development and testing of actions 
and materials on the greenhouse effect in non-academic 
training of young people 


—from local to international networks for environmental 
education (list of requirements, design). 


Equal Opportunity for Girls and Women 


Realizing equal opportunity for women and girls in all 
educational sectors and in the professional world stiil 
requires greater efforts. R&D activities are being sup- 
ported in the following foci, some of which have already 
been mentioned in earlier foci: 


—development of special educational offerings for 
women, particularly offerings for advanced training 
during a family phase for ensuring professional qualifi- 
cation and offerings for reintegration into professional 
life after a family phase, 


—measures to requalify and reeducate women with or 
without valid professional qualification in the job 
market 


—reducing the under-representation of women and girls in 
the sciences and engineering through timely stimulation 
of talents and their encouragement in school and occu- 
pational training, offerings for information technology 
training, development of new future-oriented fields of 
activity in the area of information and communications 
technologies, 


—eliminating women’s disadvantages in the science and 
research sector 


—improving advanced professional training and opportu- 
nities for promotion for women 


—greater attention to the special importance of female 
educational, professional and life experiences in all 
areas of the educational system. 


Art and Culture in the Educational System, Sports 


There is work in the following substantive areas, e.g., in the 
form of experimental models, research projects and expert 
sessions, to improve the cultural offering in the educa- 
tional system, the development of meaningful models in 
the area of cultural education for young people and adults 
and cooperation among schools and cultural institutions 
and sports in the educational system and in leisure time: 


—training and occupation of artists, equal opportunity for 
female artists 


—improvement of cultural education 


—free cultural educational activity, student cultural 
activity 


—impacts of technological developments on artistic and 
cultural development 
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—advanced cultural education, especially management of 
culture 


—hbasic scientific data and information on culture. 


Basic Data on the Educational System, Counseling 


Educational policy calls for adequate information on the 
situation of educational institutions, instructors and stu- 
dents. The following substantive areas are worked on 
under this focal point: 


—education and its link with other areas of life. 


—comparative studies, inter alia, on the activity of multi- 
lateral European organizations in the educational sector 
and the educational system in other countries, 


—data on transitions in the educational system and on the 
course of education, 


—Counseling in the educational system, 


—data on the status of girls and women in the various 
sectors of the educational system. 


International Cooperation 


The European Council, OECD and EC Commission sup- 
port joint projects through international cooperation for 
international cooperation in educational and occupational 
training research. The European Council assembles the 
results of educational research in the countries and renders 
it useful for all European states. For this purpose it has 
developed over the past 20 years the European Documen- 
tation and Information System for Education (EUDISED) 
European database to which Germany provides relevant 
contributions and which i* uses intensively. 


In past years, jointly with the EC Commission, the Euro- 
pean Council has developed and updated a European 
“educational system” thesaurus, available in |2 languages, 
and that facilitates discussion of educational policy by 
standardizing the terminology. 


Cooperative projects on a multilateral basis are imple- 
mented by the OECD primarily through the Center for 
Educational Research and Innovation (CERI). In this 
forum Germany participates, among others, in the fol- 
lowing projects: 


—educational indicators, 
—environmental education, 
—reform of curriculum/school effectiveness, 


—integration of handicapped young people in the school. 


19. innovation and Improved Basic Conditions 
(Support Sector T) 


This support sector includes primarily so-called indirect 
support activities. They do not target the support of specific 
technologies but provide incentives and assistance to 
develop corporate in-house R&D in SMEs. In this way the 
requirements for rapid expansion and application of 
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modern leading-edge technologies are improved and the 
technological basis of the medium-size sector is enhanced 
across the board without being restricted to specific fields 
of technology. This is not least an important contribution 
to the improvement of the quality of Germany's position 
and improves the international technological competitive- 
ness of German firms. 


In the new laender where R&D potentials focused on 
industry were widely atrophied in association with the 
process of deindustrialization, such activities hold consid- 
erable significance for the development of innovative 
medium-size structure and in the restructuring of efficient 
market-oriented R&D capabilities. They simultaneously 
support the rapprochement of the entire German research 
landscape and help firms quickly catch up to the level of 
state-of-the-art technology. 


Indirect Support of R&D Personnel in the Private 
Sector 


(BMFT) Support for Increasing R&D Personnel 


The “Support for Increasing R&D Personnel in the Private 
Sector” (ZFO) program that expired in 1989 was 
relaunched as of | September 1990 for companies from the 
new laender. Its goal is to give medium-size companies 
incentives to increase and expand their innovative poten- 
tial through subsidizing the personnel costs of newly hired 
scientists and engineers. In 1990 the support totaled 70 
percent, in 1991, 60 percent and as of 1992, 50 percent of 
the gross wages of the relevant personnel for 15 months 
from the time of their new hiring (maximum subsidy of 
DM250,000 per year per company). Qualified to apply are 
legally autonomous productive firms with fewer than 
1,000 employees as well as companies headquartered and 
manufacturing in the new laender. This program has 
developed into an important prop for many firms, too, 
because of its extremely short processing times and payout 
mechanisms appropriate to the situation. In fact, by means 
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of it the difficult restructuring process in academia and the 
private sector and a market-based reemployment of R&D 
personnel receives support. 


Following a dynamic surge in applications and approvals 
under the ZFO, by 31 March 1993 DM31.8 million had 
been approved and paid out plus an additional DM9 
million that was earmarked. As of that time it had enabled 
support for the employment of 2,066 R&D employees. 
Two thirds of the supported new jobs were in machine 
building and electrical engineering/electronics. Previously, 
67 percent of those personnel had been occupied in busi- 
nesses—often in self-styled research-GmbHs—and an 
additional seven percent in former AdW institutes. 


Support for Personnel in the East (BMWi) 


The aim of the “Support for Personnel in the East (PFO)” 
support measure is to support SMEs in the accession area 
to restructure and upgrade their technological potential for 
a period of five years. For this purpose a non-repayable 
subsidy is guaranteed that is computed on the basis of the 
gross wage and salary wage-tax obligations of the R&D 
personnel active in a previous period. The total support 
comes to 40 percent of the demonstrated costs, with an 
annual maximum, however, of DM240,000. Qualified to 
apply are legally autonomous firms from the accession area 
having a total employment of up to 1,000 employees, that 
have their own production and perform R&D activities 
with their own personnel. As of 31 December 1992, 1,209 
applications had been approved with a support volume of 
nearly DM48 million. For 1993 the appropriation for this 
measure was increased from DM60 million to DMI!'7 
million. The funding is contained in the diagram, “Other 
Support Measures (BMWi).” 


Improved Transfer of Technology and Know-How 


Research Cooperation Between Private Sector and 
Academia (BMFT) 


The “research cooperation between the private sector and 
academia” support measure ran from 9 April 1984 to 31 
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December 1991. Over that period nearly 1,800 projects 
with a funding volume of approximately DM135 million 
were authorized. 


The aim of the measure was to improve technology 
transfer from research institutes to the private sector. To 
this effect companies in the private sector received subsi- 
dies if they dispatched next-generation scientists for a 
limited time (max. three years) to a research institute to 
perform company-related R&D (“per capita” technology 
transfer). The lump-sum subsidy in the form of a declining 
balance totaled as much as DM90,000 per research coop- 
eration. 


Concomitant scientific research resulted in two thirds of 
the support going to SMEs with fewer than 500 employees 
and the percentage of small firms with fewer than 50 
employees was about 41 percent. The support measure was 
used by the firms in two thirds of the cases in connection 
with the hiring of new R&D employees. Upon conclusion 
of the cooperation most of them continued to be employed 
in the firms. For the research institutes, the support offered 
the possibility of a greater practical focus for the tenor of 
the research, intensification of corporate contacts and 
increased personnel even outside of the centers’ plans. For 
the future scientists this entailed an opportunity for 
enhanced qualification in their specialties. 


Contract R&D for Private Sector Firms (BMFT) 


In 1991, the support activities expired in the original 
laender for private sector manufacturing companies, that 
awarded R&D contracts to outside institutes, but as of | 
September 1990 they were reinitiated for the new laender 
(Contract R&D/East—AFO). They aim to increase the 
innovative ability of SMEs through the acquisition of 
engineering and technological know-how from expert, 
competent third parties. Firms in the laender are thereby 
enabled to develop and perfect products, technologies and 
processes with which they can have a market presence. 
Simultaneously, the activity contributes in a big way to 
structuring for the market R&D potential that deserves to 
be preserved and emergent potential as well in contract 
research firms, engineering bureaus and so-called research- 
GmbHs in the new laender and to stimulate cooperations 
with and technology transfer from universities and pub- 
licly supported research institutes. 


The allocation amounts to 50 percent of the total contract. 
Under the program with a limited time period, for the 
moment, until 31 December 1993, firms can be supported 
up to a total amount of DM300,000. Qualifying to apply 
are autonomous firms having fewer than 1,000 employees 
as well as companies headquartered and manufacturing in 
the new laender. The applications so far (as of 31 March 
1993) are in the branches of machine building (40 percent) 
and electrical engineering (25 percent). New product 
developments headed the list with 45 percent of the types 
of contracts. Altogether, a contract volume of more thai. 
DM148 million has been resolved with that support, with 
80 percent of the work being done by contractors in the 
new laender, 16 percent in the original laender and four 
percent abroad. 
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West-East Contract R&D Research (BMFT) 


The “West-East Contract R&D Research” (AWO) support 
measure that was initiated on 16 Mav 199! targets 
improvement in the demand of western firms for R&D 
services from the new laender. Qualifying under the mod- 
ification of | January 1992 are R&D institutes 2nd R&D 
service firms headquartered in the new laender that imple- 
ment R&D contracts for firms outside of the new laender. 
The amount of support comes to 40 percent of the tota! 
cost of an R&D contract. In the case of applicants having 
more than 250 employees and more than ECU20 million 
in annual turnover the percentage of support drops to 35 
percent. The allocations may altogether total up to 
DM 300,000 per client/customer relationship for the mea- 
sure’s current limited time period until 31 December 1993. 
The East German R&D contractors can consideraoly 
improve their market opportunities with such support. 
This activity therefore helps facilitate the transfer of 
worthwhile R&D capabilities to market conditions, 
improves the market focus of those institutes and creates 
links to new clients outside the new laender. In this way a 
sizable portion of market-oriented R&D capability is pre- 
served and improved in the interest of all firms in the new 
laender and therefore of Germany’s entire economy. 


As of 31 March 1993 this measure supported a contract 
volume of nearly DM108 million, with 32 percent of the 
Clients representing machine building and 23 percent, 
electrical engineering. The technology sectors of produc- 
tion automation/processes and quality assurance 
accounted for nearly 60 percent of the content of the 
contracts. Nearly 85 percent of the supported R&D con- 
tractors are privatized R&D institutes and companies. 


Model Projects for Improved Technology Transfer 
(BMWi) 


SMEs from the cottage-industry, business and manufac- 
turing sectors have special structural difficulties in 
acquiring technological knowledge and turning it into 
innovative products and processes. One major reason is 
that they frequently are unable to engage in in-house R&D. 
For this reason, such firms largely have to resort to the use 
of outside technological know-how. To facilitate SMEs to 
use outside technological know-how to a greater extent 
than hitherto it is necessary to ease the transfer of tech- 
nology among producers, middlemen and those 
demanding technological information. For this purpose 
the BMWi support model projects that help improve 
Preparing, supplying, processing and implementing tech- 
nological know-how. Cross-firm approaches that target an 
improved technological infrastructure are given priority. 
Of particular interest are projects that are appropriate for 
improving the transfer conditions in areas and regions of 
Structural growth having structural adjustment problems. 
In 1991 and 1992, the BMWi had allocated a total of 
DM41.4 million for that purpose and projected an addi- 
tional DM33.5 million for 1993. The lion’s share of that 
funding volume benefited projects in the new laender. In 
that context, one focal point was the support of the 
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development of Agencies for Technology Transfer and 
Innovation Consultancy (ATI) in the new laender. 


The BMFT also support the establishment of consultancy 
centers for innovation at chambers of industry and trade. 
That infrastructure should especially support medium-size 
firms in their startup phase and prove helpful to them in 
the realization of their innovations (“Outside Assistance 
for Innovation”). The federal government also supports 
the development of branch- and technology-specific 
transfer centers in the new laender. 


ta aeaaaae in the Innovation Risk of Technology 
rms 


Share Capital for Fledgling Technology Firms 
NETS 


Fledgling technology firms face the problem in the years 
preceding market entry of raising the necessary seed cap- 
ital for financing high development costs. Hence they often 
resort to venture capital. With the model project, “Share 
Capital for Fledgling Technology Firms (BJTU),” the 
federal government offers equity investment companies, 
venture capital companies and other investors incentives 
to commit early to fledgling technology firms. The exper- 
imental model aims to reduce the risk for the investor to a 
tolerable level and to encourage the development of a 
venture capital market. From August 1989 until the end of 
1991, 164 participations having a volume of DM94 mil- 
lion were incurred. This high figure shows that investment 
capital has been accepted as a way to finance fledgling 
technology firms. Even on the part of the investor, a 
significant expansion in supply has been realized. 


Support of Technologically-Oriented oe 
Companies and Technology and Startup Centers 
in the New Laender (BMFT) 


The total concept with which the startup of technologi- 
cally-oriented companies and the creation of an appro- 
priate environment in the shape of technology and startup 
centers is supported was initiated as early as May 1990. 
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The aim of the experimental model, “Support for Techno- 
logically-Oriented Startup Companies” (TOU), is pursued 
by providing financing and consultation resources. Simul- 
taneously, that should lead to information on the origin 
and growth of such firms under the difficult basic condi- 
tions of the new laender so as to point out possibilities for 
a sustained improvement of survival prospects. In this 
process experiences may be found valuable that were 
acquired with a similar support measure between 1983- 
1988 in the original laender. 


In the new laender under the TOU there is support for 
both a preliminary design phase (support volume: 75 
percent of costs, DM45,000 maximum subsidy) and the 
actual R&D phase (support volume: up to 85 percent of 
R&D costs to a maximum subsidy of DM850,000; as of | 
May 1992, 80 percent and DM800,000 max.). For the 
subsequent phase of production development and market 
penetration 80 percent, up to DMI! million in venture 
capital can be supported. By the end of March 1993, there 
were 146 instances of authorizations granted entailing a 
grand total of DM101.6 million for support. The techno- 
logical level of the supported projects is quite high and in 
this respect it fully matches the level of projects supported 
in the original laender. Deficiencies do exist, however, in 
turning the innovations into marketable products. For this 
reason the financial assistance is often buttressed with 
comprehensive consultation and oversight activities by the 
project sponsor, the VDI/VDE Technology Center for 
Information Engineering Ltd in Berlin [VDI = Society of 
German Engineers; VDE = Society of German Electrical 
Engineers]. 


This support of technologically-oriented startup compa- 
nies is concomitant with the experimental model for 
development and expansion of 15 Technology and Startup 
Centers (TZ) in the new laender that should contribute 
towards appropriate basic conditions for such companies. 
For the difficult early years the TZ offers them not only 
space for their business on favorable terms but also joint 
office and administrative facilities plus management, con- 
sultation and oversight activities. Simultaneously consid- 
erable synergistic effects emerge in the local communities 
of mostly technologically-oriented companies that are cre- 
ated in this way. 


The 15 technology and startup centers supported in the 
development and expansion phase were selected in coor- 
dination with the new laender. Four of the centers are in 
the land of Saxony (Dresden, Chemnitz, Leipzig, Mitt- 
weida), three in Mecklenburg-Vorpommern (Schwerin, 
Rostock/Warnemuende, Greifswald) and two each in 
Brandenburg (Teltow, Cottbus), Saxony-Anhalt (Halle, 
Magdeburg), Thuringia (Erfurt, Jena) and East Berlin. 
Nearly 30,000 square meters of commercial space could be 
leased to nearly 250 mostly fledgling technology compa- 
nies on favorable terms. In all those companies together 
nearly 1,650 high quality jobs were created. Altogether 
under that measure so far DM39.7 million have been made 
available for plann/ng, rehabilitation and reconstruction of 
buildings, infrastructure equipment and for personnel and 
outside consultation. 
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Over and above those 15 TZ the new laender and munic- 
ipalities in the meantime have seized the initiative to 
develop additional technology and startup centers. As 
additional incentive, the federal government is supporting 
the planning phases for such TZ in 10 instances where the 
respective laender are guaranteeing follow-up financing. 


R&D Loan to Small Firms for the Application of 
New Technologies (BMFT) 


Under the “R&D Loans to Small Firms for the Application 
of New Technologies” support program small firms (up to 
DMS50 million in annual turnover) are able to get low- 
interest, long-term loans of up to DM3 million to finance 
R&D projects. The program targets the elimination of 
financial pinch points in the realization of “leaps in 
technology.” This should ensure that small firms are not 
cut off from technological progress because of such a basic 
pinch point in the innovation process. 


The duration of the loan is for a maximum 10 years, with 
two initial years of grace. The interest rate remains fixed 
over the period, and at current capital market interest 
levels amounts to approximately seven percent. A max- 
imum of 80 percent of the supportable cost of the R&D 
projects may be financed with this credit. Besides per- 
sonnel, computer and material costs, 60 percent of the 
investments to be used in the R&D phase already are 
supportable. The R&D loan may be combined with other 
investment credit programs. 


The loan is directly guaranteed by the respective bank that, 
in turn, is refinanced by the credit bank for reconstruction 
[KfW]. The federal government supports the low interest 
and shares the risk with KfW and the bank. Because of the 
special conditions in the new laender the bank’s exemption 
from liability there is expanded (original laender, 50 
percent; new laender, 75 percent). The supported R&D 
projects have to fulfill certain requirements in terms of 
using new fields technology, professionalization, own 
share in innovative development, functional improvement 
and product market leads. 


The upper limits for the annually committed volumes for 
refinancing loans in the two startup years of the support 
program (1992 and 1993) were DM133 million and 
DM267 million and then DM400 million. By the end of 
1997 (application deadline), therefore, a total of DM2 
billion could be made available in R&D loans for small 
firms. Altogether, in 1992, 110 credits totaling DM99 
million were committed. 


Other Support Measures 


Special Cross-Technology Support from the Joint 
Venture “Upturn in the East” (BMWi, BMFT) 


Through special support from the joint venture “Upturn in 
the East,” the primary goal being pursued is to heavily 
support the development of competitive, market-oriented 
R&D capabilities in the new laender for a limited period. 
Hence a contribution is made towards preserving critical 
R&D potential in the difficult transition period until the 
economy itself is capable of adequately making full use of 
it. Simultaneously, research institutes oriented to the pri- 
vate sector in East Germany should be induced to con- 
tribute to the competitiveness of industry. In the groups 
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targeted for support the foci are on the so-called research- 
GmbHs that sprouted from the former combines and 
private sector foundations arising from former AdW insti- 
tutes. 


Altogether, DM200 million was available for that special 
measure, limited in time to 1992, under the joint venture 
“Upturn in the East,” with DM102.7 million of it man- 
aged by the BMWi and DM93.5 million by the BMFT. 
Under the BMWi nearly 600 projects at more than 300 
firms were supported from it. Under the BMFT nearly 280 
projects could be supported, primarily situated in the 
fields of biotechnology, environmental technology, space 
research, renewable energies, production technology and 
microelectronics. 


Support Program for Innovation in the New 
Laender (BMWi) 


Since March 1992, the federal government has been sup- 
porting the development of new products and processes in 
SMEs in the new laender. That measure targets a reduction 
in the above-average technical risk from development 
projects of medium-size firms in the accession area and 
support for their efforts for accelerated improvement of 
their product and process levels. It should also facilitate 
the creation of professional job openings. 


Qualifying to apply are companies in the manufacturing 
sector whose employment figure does not exceed 1,000. As 
a rule the only companies supported are those that engage 
in manufacturing themselves or at least pursue manufac- 
turing aims. The total subsidy amounts to 35 percent of the 
development costs (40 percent for companies having fewer 
than 250 employees and an annual turnover of less than 
DM40 million). Other applications, e.g., for patent 
searches and registrations, licensing fees, preparation of 
the manufacturing facility, field tests and project-specific 
qualifications may be subsidized up to 20 percent (25 
percent for companies having fewer than 250 employees 
and an annual turnover of less than DM40 million). The 
grand total for support comes to DM800,000 per firm. The 
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period for a project, as a rule, should not exceed two years. 
As of 31 December 1992, 65 projects had been supported 
entailing a total allocation of DM8.4 million. DM30 
million are available for 1993. 


Streamlining and Scientific-Technical 
Departmental Services (BMWi) 


Streamlining, research, development and innovation are of 
major importance for the performance and competitive- 
ness of Germany’s economy. Under institutional support 
the BMWi supports—partially in cooperation with the 
laender—this objective with allocations to the Committee 
on Streamlining the Germany Economy e.V. (RK W). This 
and similar assistance supports corporate consultancies, 
information and training events, studies of an economic, 
technical, labor and social-science nature and implemen- 
tation of streamlining know-how. 


The BMWi also contributes to the improvement of perfor- 
mance and competitiveness in the medium-size secto: 
through publication of research results on problems from 
the SME and the independent professional sectors. 


Primarily made available are scientific-technical depart- 
mental services by 


—the Federal Physical-Technical Institute (PTB) and 
—the Federal Materials Research Institute (BAM) 
(cf. also part VI, sect. 5.4.1 and 5.4.2). 


Other Indirect Support Measures (Excluding 
Indirect-Specific) 


Support for Joint Industrial Research (BMWi) 


With this program that was begun in 1954, the federal 
government supports precompetitive, basic research 
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approaching the applied stage, oriented towards the needs 
of industry. There is support for research projects that 
have been identified in research units in the combined 
companies as problems of common interest. A prerequisite 
for the support is that the respective research unit presents 
evidence that an appropriate amount of in-house funding 
is used in addition to public funding for the joint research. 
Members of the research units are mostly SMEs that are 
able in this way to partly offset their size-induced disad- 
vantages (cf. also above, part I, sect. 2.1.4 and part II, chap. 
9) by sharing in the results of a number of projects with less 
in-house expense and being able to use those as the basis 
for company-related innovations. Also enjoying a high 
percentage are projects of the sort that create the scientific 
bases for generally valid regular technological activities of 
a branch and that not be performed without the desire for 
general application. Since 1991 a portion of the support 
funding has been set aside for integrating firms and 
research centers from the new laender in the joint indus- 
trial research. The rcalization of the support activity is 
done via the Working Association of Industrial Research 
Associations e.V. (AIF). For more detailed explanations of 
this see part VI, sect. 1.7. 


20. Specialized Information (Support Sector U) 


The 1990-1994 federal specialized information program 
was launched in 1990.‘ In an interim balance-sheet drawn 
up in 1992 it 1s possible to detect a clearly positive trend in 
the use, production and supply of specialized information 
in the FRG.*° Those databases contain the latest knowl- 
edge from the specialized literature on science and tech- 
nology [S&T] and patents. They are therefore a major 
innovation factor in the FRG, since current, complete and 
cost-effective S&T information are crucial elements for 
academia and the private sector in the infrastructure of 
Germany's industrial position. 

The specialized information program primarily involves 
S&T information. That market segment—like the interna- 
tiunal market for specialized information in general— 
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continues to be characterized by outsized growth. The 
positive development of tie use of databases is further 
confirmed by an expansion in the supply of databases and 
by improved in-house financing of officially supported 
specialized information institutes: 


—The worldwide pool of on-line databases more than 
doubled to 5,760 between 1986-1992; adding to this is a 
greatly increasing supply of CD-ROM databases (1992: 
ca. 2,645 titles). The number of databases produced in 
the FRG has also continued to soar: from 14 economic 
databases in 1986 to 152 in 1992, from 58 S&T data- 
bases in 1986 to 146 in 1992. 


—The in-house financing of specialized information insti- 
tutes improved between 1989-1992 from ca. 40 percent 
to more than 49 percent. 


At all institutes, the number of database searches increased 
out of all proportion with a surge in demand and the 
addition of new users. 
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Officially Supported Infrastructure 
Specialized Information Institutes 


It is the purpose of specialized information institutes to 
continue to increase the use of their databases and simul- 
taneously continue to increase the level of cost coverage 
and to strive for cost coverage over the long term. Between 
1989-1992 average level of cost coverage was about 15 
percent and revenues increased an average of 20 percent. 
For the cost coverage period, sponsorship should be trans- 
ferred to currently participating scientific organizations 
and associations and supplier groups. At present, however, 
that period still cannot be precisely pinpointed because of 
unforeseeable market and revenue developments. 


Jointly with the laender, the BMFT is supporting four 
institutes (FIZ [Specialized Information Center], Karl- 
sruhe; FIZ for chemistry; Space and Construction Infor- 
mation Center (IRB) of the FhG and TIB [Technical 
Information Library at Hannover university]) as part of 
the research infrastructure in academia and the private 
sector. The combined system of FIZ, Karlsruhe, Chemical 
Abstracts Service (CAS) in Columbus (Ohio, U.S.) and 
Japan Information Centre for Science and Technology 
(9JICST) in Tokyo has developed into an internationally 
leading supplier of S&T databases under the name of The 
Scientific and Technical Information Network (STN Inter- 
national): 


—Since 1992, for the first time via STN, Karlsruhe, the 
integrated chemistry information system, consisting of 
facts from organic chemistry (Beilstein), inorganic 
chemistry (Gmelin), chemical reactions and technical 
substance data (FIZ for chemistry) plus the spectra in 
the first stage of development, are offered on-line. 


—Since the end of 1991, STN, Karlsruhe, has been sup- 
plying a large number of patent databases that are very 
well used. That patent information in connection with 
the integrated chemistry information system enabled 
FIZ, Karlsruhe, on | September 1992, to agree with the 
most important supplier of patent information in the 
world to supply all its databases as of the end of 1993 via 
STN, Karlsruhe. 


Those developments led to considerable increases in rev- 
enues and levels of cost coverage at FIZ, Karlsruhe. In 
1991, the FIZ for chemistry concluded contracts for coop- 
eration with leading U.S. software manufacturers for the 
marketing of data on chemical reactions and technical 
substances in in-house systems that will lead to increased 
revenues. Expanded use of specialized information is also 
the goal of measures in support of demand described under 
“increasing the use of specialized information.” 


It is in the public interest for specialized information 
institutes to be used more, their revenue situation thereby 
improved and become independent of public support 
funding. The BMFT, therefore, jointly with the respective 
laender, cut by five percent the allocations for 1993 for the 
FIZ, Karlsruhe, the FIZ for chemistry and the FhG IRB; 
the Technical Information Library was exempted from 
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that by virtue of its special status as the central specialized 
library and the special problems of its 1993 acquisitions 
budget. The BMFT plans to continue this policy of 
declining basic support in upcoming years—after coordi- 
nating with the laender and other partners and institutes. 


The BMWi supports the information centers of the Spe- 
cialized Information Center for Engineering e.V. in Frank- 
furt/Main, German Information Center for Technical Reg- 
ulations (DITR) at DIN and Information Center for 
Acquisition of Raw Materials, Geosciences and Water 
Management. All three institutes are steadily striving to 
meet consumer needs by simplifying access to their data- 
bases, by good qualitative development of contents 
including new thematic foci, by creating or improving 
service offerings, e.g., CD-ROM database offerings. Care 
and continuation of the evidential databases produced 
over the years continue to be a standing responsibility with 
support primarily extending here to the generation of 
input. The database operation at the FIZ for engineering is 
on the verge of being able to finance itself from revenues 
from database use, the one at the DITR can do so entirely. 


The German Institute for Medical Documentation and 
Information (DIMDI) in Cologne is under the purview of 
the BMG. Under departmental policy objectives, ensuring 
information for meeting health policy responsibilities and 
the departmeni’s legislative activities, upon the decision of 
the federal and laender minister and senators responsible 
for the health system, it also functions as a FIZ for “the 
health system, medicine, biology, sports.” To that extent, 
DIMDI is also an infrastructural facility having research 
service responsibilities (cf. part V1). 


The BMG has adjusted the fees for information services to 
match the :narket and thereby, in terms of structure and 
amount. focused them mostly on information output—the 
value 0: information is to be paid for—and on changed 
user behavior. Through highly differentiable search strat- 
egies the search results can be limited to really pertinent 
information. The health and science policy potential for 
desirable streamlining inherent therein is restored to the 
user in obtaining and processing the information. It is 
appropriate to compensate stagnant budget appropriations 
for specialized information and increasing need for spe- 
cialized information. 


The BML maintains the Central Office for Agricultural 
Documentation and Information (ZADI) as a service 
facility for departmental research that supplies agricultural 
databases on the DIMDI computer on the basis of an 
administrative agreement between BMG and BML. A 
similar agreement is in existence with the BMI for sports 
documentation. 


The BMJ supports the continued development of juris 
GmbH in Saarbruecken that is assuming a leading role in 
the supply of legal information via on-line databases and 
CD-ROM products (e.g., verdicts for all jurisdictions, 
federal law); all CD-ROM products are updated annually. 
In 1992, for the first time since coming into existence, a 
positive annual result, meaning full coverage of costs, was 
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realized. In the process the percentage of usage by attor- 
neys, firms and associations continued to increase and 
flat-rate contracts were concluded with most laender. For 
this purpose the BMJ concluded a contract for cooperation 
with juris GmbH in which the supply of information, 
database development and use of the juris databases are 
regulated by the federal government in exchange for an 
annual payment. 


Scientific Libraries 


The federal government operates the German Library and 
jointly with the laender the National Library at Berlin of 
Prussian Cultural Legacy, the Technical Information 
Library (TIB) in Hannover, the Central Libraries of Med- 
icine (ZBM) in Cologne, of Economic Sciences in Kiel and 
of Agronomy (ZBL) at the University of Bonn. It is 
endeavoring to modernize the library system. The fol- 
lowing measures are being pursued: 


—The German Library: With the merger of the former 
German Library in Leipzig, the German Library in 
Frankfurt/Main and German Music Archive into “The 
German Library” facility, the reconstruction in Frank- 
furt/Main and the rehabilitation of the building in 
Leipzig, expansion of bibliographical services, standard- 
ization activities and preservation of the stock, plus 
introduction of the PICA-integrated computerized 
library system, were initiated. 


—TIB: the introduction of the PICA-integrated compuier- 
ized library system under the Lower Saxony library 
organization was decided upon and the new TIBQUICK 
information service introduced, whereby the user is able 
to obtain the complete text via telefax within two hours 
after a database search. 


—ZBL: with the inclusion of the ZBL in joint federal- 
laender financing (Blue List), future financing has been 
stabilized. 


—ZBM: the introduction of the new MEDIKAT database 
at DIMDI displays on-line the entire inventory of liter- 
ature acquired by ZBM since 1977. The additional new 
MEDIQUICK information service, like TIBQUICK, 
allows the possibility of delivery via telefax of the entire 
text in a few hours following an on-line search. 


The central specialized libraries confront considerable 
problems in lending at a distance (e.g., ZBM) and acquisi- 
tion (e.g., TIB, etc.); hence, in the future, it remains to be 
seen how far the user might become more involved in 
helping with the financing via fees. 


Increasing the Use of Specialized Information 


Universities and Research Institutes 


The federal government intends significantly to increase 
the use of specialized information (on-line databases and 
CD-ROM data bases) in universities and research insti- 
tutes, in order to 
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—qualify university graduates to use databases later in 
their profession in the private sector, academia and 
government, 


—increase the quality and efficiency of scientific work in 
the universities and research institutes. 


A study commissioned and carried out for the BMFT has 
called attention to the most significant financial, per- 
sonnel, technical and organization impediments blocking 
optimum use of electronic specialized information in the 
universities. To improve this situation, the BMFT is 
supporting two model projects 


—the German Physics Society (DPG) with participation 
by 40 university physics departments (28 in the original 
laender and 12 in the new laender) and 


—the German Mathematicians Union (DMV) and the 
Konrad Zuse Center for Information Technology 
(Berlin), with the participation of 51 university mathe- 
matics departments (36 in the original laender and 15 in 
the new laender). 


Through those model projects there should, for example, 
be improved use of the physics and mathematics databases 
of the FIZ, Karlsruhe, and their CD-ROM versions. The 
following activities, above all, are the target of the model 
projects: 


—designation of an information representative and a 
researcher who conduct courses and searches for scien- 
tists and students; the integration of the use of the 
database in instruction and training is thereby tested in 
various forms; 


—setting up of the preliminary technological equipment, 
training and continued training of researchers and reg- 
ular meetings of the program participants to swap expe- 
riences; 


—the departments use their own funds to pay an annual 
fixed price to the FIZ, Karlsruhe; that fixed price for 
searches and the fixed prices for a telecommunications 
connection to the scientific network enables the univer- 
sities to include the necessary funding in their budgets. 
They have to ensure that upon expiration of the support 
in the model project the necessary in-house funding is 
available for continued use of the specialized informa- 
tion. 


In the model projects an assessment is made also of the 
physics and mathematics databases aimed at continuing to 
improve the databases. The insights from the model 
projects should be incorporated, if possible, by other 
departments, e.g., chemistry and the engineering sciences. 


The expansion of the scientific network (ERWIN) as early 
as August 1990 enables connecting R&D institutes in the 
new laender to the modern, competitive specialized infor- 
mation infrastructure of the FRG. In a combined project 
of the FIZ, Karlsruhe, the FIZ for chemistry in Berlin and 
the FhG IRB in Stuttgart, 600 researchers were introduced 
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to use of internationally available databases. Local infor- 
mation dissemination centers entailing 146 search posi- 
tions plus three supra-regional training centers of the 
STN/FIZ, Karlsruhe, in Ilmenau, Merseburg and Potsdam 
were established. The literature not available on site that is 
contained in the databases can be ordered directly from 
the TIB, Hannover. 


To stabilize the infrastructure in the specialized informa- 
tion structure thus created and intensify its use in univer- 
sity instruction and research in the new laender, the BMFT 
is supporting 47 combined projects. 


SMEs Including Cottage Industries 


SMEs, including cottage industries and independent pro- 
fessions, are major platforms for technological progress 
because of their great flexibility and creativity. 


To increase their international competitiveness and 
thereby their total exceptional economic importance, the 
SMEs have to be induced to use electronic specialized 
information. To implement such possibilities the federal 
government has for the first time initiated a support for 
SMEs in which various individual activities are supported. 
From the start of 1991 until the end of 1994 the BMFT is 
supporting an experimental model for support of informa- 
tion retrieval from databases for SMEs, including cottage 
industries (MIKUM), that is being implemented by the 
German Economic Institute in Cologne. Qualified to apply 
are legally autonomous firms in the manufacturing sector 
of the metals branch doing R&D and having either fewer 
than 500 employees or fewer than 100 million in annual 
turnover. In MIKUM A they can award research contracts 
to outside purveyors of information and receive up to 
DMS5,000 in subsidies. In MIKUM companies that often 
want to do their own research on databases, receive 
subsidies for the development and expansion of opera- 
tional information capabilities, in fact, up to DM30,000 
for advanced training of employees, the establishmet of a 
research site and initial use of databases. By the exd of 
1992 a total of 1,000 applications—approximately 600 for 
MIKUM A and 400 for MIKUM B—had been approved. 


The SME in the new laender also are participating in that 
experimental model and are using the information agen- 
cies; five ARCONIS branches were established for this 
purpose in the new laender. The BMFT is also supporting: 


—acting for the land of Saxony-Anhalt, the Patent Oppo- 
sition Office IPO GmbH in Halle that was transferred to 
the sponsorship of the Chamber of Industry and Trade 
(THK) in Halle in 1992, 


—the Information Dissemination Agency (IVA) of the 
IHK, in Leipzig, which—after a transition period—is to 
be transferred to sole financing by IHK and 


—the Oecon GmbH that is to develop an office for 
disseminating information to SMEs in the land of Bran- 
denburg. 
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To improve the use of patent information the BMWi is 
supporting the development of regional patent specifica- 
tion-opposition offices and experimental models for devel- 
oping demand-oriented patent information. Under the 
SME-cum-cottage industry consultancies supported by the 
BMWi, the use of specialized information bases is subsi- 
dized. 


Primarily for the target groups of ca. 30,000 innovative 
cottage industries for which there is a demand for the use 
of electronic database systems, the Central Association of 
German Cottage Industries in Bonn jointly with the Tech- 
nology Dissemination Agency in Berlin with BMFT sup- 
port is developing an interactive information and database 
service to accelerate technology transfer. The technology 
and operational consultancies of more than 20 chambers 
for cottage industries are to be optimized through use of 
databases. Cottage industry consultants can, with their 
PCs and special communications software, via a central or 
subject-specific query center, either search in the databases 
themselves or prompt query center searches as well as 
reprocess on their own the information that is found. 


Starting as early as May 1990 in the new laender, the 
BMWi equipped more than 200 firms and institutions 
with hardware and software for them to be able to do 
database searches. Moreover, a comprehensive network of 
28 Information Dissemination Centers [IVS] was devel- 
oped, each having different substantive foci so that the 
firms are supplied with technical and economic informa- 
tion of a qualitatively high level. The supported IVS were 
overseen and trained by West German corporate consult- 
ants. 


The FIZ for engineering, under the FIDAT program, 
receives funding so that firms in the new laender can apply 
for subsidies for the costs of retrieving information from 
databases, for the purchase of CD-ROMs and for regis- 
tering firms. 


The 15 newly established IHK in the five new laender have 
received basic computer equipment and been trained 
under the overall charge of the DIHT [German Industrial 
and Trade Association]. All the chambers are connected 
with the West German chamber information system. Con- 
currently, the Central Association of German Cottage 
Industries organized the basic equipping of East Ger- 
many’s cottage industry chambers with hardware and with 
applications software customized for the chambers. 


The BML supports the availability of new information 
technologies (e.g., CD-ROM) and the reorganization of the 
infrastructure of the information system in the new 
laender. 


Improvement of Production and Supply 


Manufacture and Supply of Databases 


For a limited period the BMFT is supporting the develop- 
ment of an integrated chemical information system that 
has been offered via STN-International since the end of 
1992 in the first stage of development. It may be used, e.g., 
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by universities and research institutes on-line or even in its 
individual components as an in-house system, e.g., by 
industry. It comprises the following components: 


—BEILSTEIN-ONLINE contains structures and factual 
data for organic chemistry. The support ended in 1992 
with the supplying of data and a production process in 
which, through optimized, joint production of manuals 
and databases, the effectiveness of the BEILSTEIN 
institute could be considerably increased. 


—GMELIN-ONLINE contains structures and factual data 
from inorganic chemistry and organo-metals. Besides 
the development of a database, modern information and 
communications [luK] technologies were introduced, 
promising perceptible production advantages in the 
combined production of electronic databases and man- 
uals; the initial public offering occurred at the end of 
1991. 


—The FIZ for chemistry, jointly with industry, for the first 
time in the world developed, in the area of chemical 
reactions, an integrated input process for the print 
service CHEMINFORM and the database CHEMIN- 
FORM RX. The in-house version of the database has 
been marketed worldwide since early 1992 through 
cooperation with a leading U.S. firm. 


—SPECINFO consists of a spectroscopic database and 
efficient spectral interpretation processes and is being 
developed in connection with industrial outfits, univer- 
sities and other institutes. This highly advanced and 
comprehensive spectral information system, currently 
with more than 300,000 spectra, has been available 
in-house since 1990. 


—DETHERM is the world’s most comprehensive public 
substances database for the area of chemical engineering 
with thermophysical data on approximately 5,700 sub- 
stances and is being developed by the FIZ for chemistry 
in association with universities, research institutes and 
industry. The in-house version of this database that is 
special interest for systems developers is available via 
U.S. firms that perform their planning and consultations 
on the basis of such data because of the special impor- 
tance of data quality in systems development. 


BMFT incentive financing is resulting in the world’s most 
advanced and largest information products in their respec- 
tive fields. 


The international market developing in chemical informa- 
tion is driving international competition and cooperation. 
Over the long term, the practice of diverse bibliographical 
catalogings currently being done will have to be narrowed 
down through cooperative “inputs.” Hence, the BMFT has 
challenged the German chemical information institutes to 
strive for such cooperative “inputs.” 


The Karlsruhe FIZ is busy continuing to develop databases 
like MATH and COMPUSCIENCE in cooperation with 
groups of researchers from the new laender. Moreover, 
since April 1991. German educational and research sites, 
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using the VA-DEMEKUM database, can get a rapid over- 
view of the research capabilities in the new laender. 


The BMWi is supporting two thematic foci in the area of 
specialized information. In the materials database sector, 
the production of tools for their structuring, storage, 
processing and retrieval in databases is supported. In this 
area, special importance is attached to uniform, easily 
accessible user interfaces for all materials databases. 


In the CIM/CAD/CAM [Computer Integrated Manage- 
ment/Computer Aided Design/Computer Aided Manage- 
ment] sector, there is support for developments for CAD 
system-neutral availability of catalog and standard compo- 
nents with a view towards transmission in very different 
CAD systems and on the basis of the ISO Standard for the 
Exchange of Product Model Data (STEP), the production 
of new technologies for exchange, storage and filing of 
product defining data via uniform links for the entire 
product life-cycle. 


Based on the assumption that supplying economic infor- 
mation is primarily a responsibility of the private sector, 
the BMWi primarily has supported with public funding 
public institutes that afford public access to their data 
holdings in the field of economic information. 


In the new laender, demonstration databases that have no 
identical counterparts to their fields of expertise in the 
original laender, are being continued with BMWi support, 
for instance, databases referencing the bibliographies in 
wood processing and treatment, shipbuilding and explo- 
sives. The same applies to the factual materials collections 
in the areas of steels, non-ferrous metals and plastics that 
are produced by the Institute for Materials Research and 
Applied Engineering (IMA) in Dresden. Geological data 
holdings were processed, transferred in uniform manner 
and safeguarded. 


Data collections that cannot be cuntinued, since they 
already exist in West Germany may, with the assistance of 
the BMWi, be purchased for integration in other data- 
bases. Thus, the FIZ for engineering has reviewed data 
collections in the areas of engineering and materials infor- 
mation to incorporate portions in its own da.abases and 
thereby make them publicly accessible. 


The BML, too, is supporting the safeguarding of factual 
data from the former GDR and will develop new factual 
databases on the basis of those holdings. 


The BMU, on the basis of existing information, applica- 
tions and experiences with, uses targeted measures to 
support the improvement of the currency and complete- 
ness (e.g., increasing information density over time and 
space) and the accessibil!' and use of environmental data. 
This includes, e.g.: 


—an agreement on cooperation with Austria and prelimi- 
nary negotiations with Switzerland for receipt of data on 
environmental research, 
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—the environmental data catalog project for development 
of a meta-database on environmental data and 


—expansion of existing information systems through 
incorporation of substances data, EC-wide acquisition 
and display of ground coverage plus integration of 
factual databases, bibliographical documentation’s, 
imagery and other systems. 


The BML, in cooperation with the laender under the 
Nutrition, Agricultural and Forestry System of Specialized 
Information (FIS-ELF), has supported the further devel- 
opment and availability of bibliographical and factual 
databases for practical use, consultation and science. In 
this connection various databases (ELFIS, AGRARFOR- 
SHUNGSVORHA-BEN, AGRARBUCH) were developed 
and expanded. The ZADI thereby is making available for 
public use, 12 agricultural databases through cooperation 
with DIMDI. Moreover, projects are being implemented 
for improved access to the pesticides list, federal key to 
foodstuffs and to market data as well as to information on 
next-generation raw materials. 


The BMG has focused on enhanced quality and reliability 
in safeguarding information in the health system and in 
medicine. For this purpose the user friendliness of the 
access software was improved through the release of opti- 
mized menu-driven retrieval ful.ctions concentrating on 
bibliographical databases using a controlled thesaurus and 
on factual databases in the entire field of toxicology. The 
BMG, in cooperation with BML, the BMI and the laender 
governments, is taking the lead on-line, via DIMDI, with 
databases, e.g., in the focal areas of AIDS and HIV 
infections, the fight against cancer, protection of the health 
consumer, toxicology and drugs. 


The BMA is supporting targeted measures in the area of 
the job market and occupational research as well as job 
protection and rehabilitation: 


—Since 1988 a database for reintegrating the handicapped 
into the labor force [REHADAT] has been developed 
that is later to be introduced as a German contribution 
in the European-wide HANDYNET information system 
being planned by the EC Commission. 


—At the federal institute for job protection in Dortmund, 
the bibliographical documentation on job protection 
was redeveloped and made publicly available. 


—KURS, the federal job institute’s database for occupa- 
tional training and continuing education, has been used 
since 1991 in the counseling discussion in the job offices 
and offered on-line. 


—The federal job institute’s job market and occupational 
research institute, jointly with the social sciences infor- 
mation center, is expanding the “Social Sciences Biblio- 
graphical Information System” (SOLIS) and “Research 
Information System” (FORIS) for the job market and 
occupation research sector. 


The BMBW, in cooperation with the laender, has begun 
the experimental model, designed for three years, for 
development and testing of an educational specialized 
information system. 


The BMJ is supporting the German Patent Office (DPA) 
and the juris GmbH in improving their information offer- 
ings. 


In the DPA, at present, the Patent Information System 
(PATIS) is being developed to hold not only a search 
system but also an electronic file. 


The DPA, too, jointly with the Karlsruhe FIZ, is con- 
tinuing to expand the German language patent database 
PATDPA, originally supported by the BMFT. PATDPA 
holds textual information from German patent documents 
and registered designs plus patent publications of the 
European patent office and the international organization 
for intellectual property with the FRG defined or desig- 
nated as a treaty state. This offering is supplemented by the 
PATGRAPH subdatabase with drawings, structures and 
formulas from title pages of German open-source docu- 
ments and PATDD with bibliographical data and summa- 
ries of patent documents published by the former patent 
office of the GDR plus patents granted by the German 
patent office even after the GDR patent law and patent 
applications handled after the extension law. 


Since December 1991, the patent database for open-source 
documents PATOS has been accessible via STN- 
International from WILA-Verlag Bertelsmann informa- 
tion service with European and German patent data in the 
German language. 


The juris GmbH—juristic information system for the 
FRG—has expanded its database offering in the legal 
information sector and enlarged it with new databases on 
community and asylum law. 


The federal central press and information department’s 
documentation system runs a database for political texts 
(agency reports, radio and TV broadcasts, federal bulletins 
and press conferences, press materials). At present the 
possibility is being examined, in the context of improved 
information technology, of processing a portion of docu- 
ments still not inputted and stored as full text using 
scanners and optical character recognition and making 
them available on-line to the federal government and 
official centers. 


The federal chancellery, BMI, BMFT and Foreign Office 
jointly with the laender and municipalities are supporting 
the specialized information combine, “International Reia- 
tions and International News.” Through integration of 
various textual databases a considerable increase in quality 
was realized. Over and above the specialized information 
combine, an initiative was launched for systematic inter- 
national cooperation among specialized information insti- 
tutions in Europe. With the accession of the South East 
Institute (Munich) in 1991, the number of cooperating 
institutes rose to nine. As a result they have continued to 
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improve the possibilities of increasing the scope and 
quality of the database through a substantively specialized 
division of labor. 


Since 1992 the bibliographic database has been accessible 
to the public on the ESA HOST; a bibliographic informa- 
tion service appearing bimonthly reports on fresh accesses. 


Improved Delivery of Documents 


The new TIBQUICK service was developed under a 
BMFT model project to accelerate the supplying of litera- 
ture by the TIB in Hannover. TIBQUICK links the elec- 
tronic bibliography in a database with the electronic loca- 
tion information and electronic order from TIB. All 
TIBQUICK orders arrived processed and standardized via 
STN-International or electronic mail in the TIB and can 
therefore be processed more efficiently and rapidly. In this 
way the user can get the desired full-text copies by fax 
within two hours. In the spring of 1992, TIBQUICK was 
introduced at the Infobase fair and met with considerable 
interest there. 


International Cooperation 


A basic element of cooperation is cross-border information 
transfer. This presumes easy access to national offerings. 


EC 


With the Council’s decision on 12 December 1991 on a 
program to create an internal market for information 
services, the following lines of action were spelled out for 
the IMPACT II program (on IMPACT I, cf. specialized 
information program, Tz 87): 


—improved knowledge of the information market, 
—removal of legal and administrative constraints, 


—user-friendly design of information systems and 
improved ability to deal with information systems, 


—support for strategic initiatives for the development of 
the information market. 


To stimulate the market for electronic information ser- 
vices, in 1991/1992 one focus of the activities was on 
sensitizing potential users and support of the EC host 
ECHO. 


Bilateral Cooperation 


It is becoming obvious that cooperation with the states of 
the CIS and the Central and East European Countries 
(MOEL) will take on considerable importance in the 
future. Indications of this are the activities of the Karl- 
sruhe FIZ that set up a training center in November 1991 
under the STN organization on use of databases in the 
Russian Academy of Sciences in Moscow. A BMFT project 
was initiated in 1992 to support access and use of S&T 
specialized information via the STN organization through 
expert advice and training of appropriate information 
brokers from the MOEL and the CIS. 
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There is broad cooperation, e.g., with Slovenia, Austria 
and Japan in the form of projects in the chemical infor- 
mation sector. 


The BMWi is supporting a measure whereby firms in the 
MOEL get information disseminated free of cost. Research 
contracts can be commissioned from German information 
brokers. Accruing database costs are reimbursed. The cost 
reimbursement also includes acquisition of the original 
literature associated with the research. 


21. Liberal Arts; Economic and Social Sciences 
(Support Sector V) 


Liberal Arts 


General 


In Germany the laender shoulder the lion’s share of 
support for the liberal arts, since liberal arts are primarily 
done at the universities. The federal government, jointly 
with the laender, does support—on the basis of the 1975/ 
1990 framework agreement between federal government 
and laender on joint support for research under Article 91b 
GG (framework agreement on support of research}— 
institutes and projects of supra-regional significance and 
general government science policy interest. 


Of fundamental importance here is the support of the 
DFG (cf. part VI, sect. 1.1). The DFG applies 15 percent of 
the support funding placed at its disposal by the federal 
government and the laender to the liberal arts and social 
sciences. This encompasses the liberal arts in all their 
disciplines—from theology through philosophy, classical 
studies and history all the way down to linguistics, litera- 
ture and art. 


Development of Total German Research Scenario 


Even in the iiberal arts the restructuring of the S&T system 
in the new laender and the development of a pan-German 
research scenario are uppermost. First, it has to entail 
reintroducing as extensively as possible in the universities 
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the capabilities and competencies existing in the new 
laender, secondly, creating the structural prerequisites ior 
a productive development of the liberal arts. The federal 
government has supported and does support such 
endeavors, especially through the university renewal pro- 
gram. The WR with its July 1992 ““Recommendations for 
the Liberal Arts at the Universities in the New Laender” 
proposed criteria and foci for redevelopment in the uni- 
versity sector, that are now to be implemented—primarily 
by the laender. 


In the area of non-academic research, on the basis of a 
recommendation of the WR dated 5 July 1991, the liberal 
arts establishments of the former AdW of the GDR were 
abolished (except for the Sorb People’s Research Institute) 
and seven liberal arts research centers were founded. They 
are the centers for: Chronological Historical Studies in 
Potsdam, History and Theory of Science in Berlin, Euro- 
pean Enlightenment in Halle, Exploration of the Modern 
Orient in Berlin, General Linguistics in Berlin, Literary 
Research in Berlin and Central European Culture and 
History in Leipzig. Scientists and non-scientists from the 
abolished AdW institutes have been put to work in those 
centers for a limited time. Moreover, numerous scientists 
from the AdW institutes are being incorporated into 
research institutes in the original laender, e.g., in the 
German Archeological Institute in Berlin and the German 
Language Institute in Mannheim. On | January 1992, the 
MPG assumed oversight of those centers for three years. 
The MPG also has installed a commission with responsi- 
bility for elaborating a concept for the substantive and 
institutional-organizational design of the centers. The con- 
cept is to be submitted in May 1993 to the WR for 
assessment and it will make its recommendation on it in 
November 1993. 


Long-Term Projects 


The assumption of 60 long-term projects from the new 
laender—primarily from the indicated AdW institutes and 
the Saxony Academy of Sciences in Leipzig—into the 
federal and laender academic program, in which 11 scien- 
tific and 91 liberal arts projects have been supported so far, 
constitutes an additional important activity. Excluded 
from the program are long-term research projects that, as a 
rule, exceed the work capacity and lifetime of an indi- 
vidual researcher and therefore cannot be performed at the 
universities. Such academic projects lay the groundwork 
for future research activities for many liberal arts special- 
ists. They are coordinated and overseen by the Conference 
of the Academy of Sciences that inciudes the academies in 
Duesseldorf, Goettingen, Heidelberg, Leipzig, Mainz and 
Munich plus the Berlin-Brandenburg academy that is 
currently in the founding stage. In terms of content, the 
projects, for whose oversight the BMFT is responsible on 
the part of the federal government, extend mainly to 
dictionaries, literary and linguistic research publications, 
philosophy, theology, history, art and music. 


Status Report on the Liberal Arts 


To support the liberal arts in determining their position 
and current responsibilities, the BMFT awarded a project 
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to study the external and internal status of the liberal arts. 
The report on the status of the liberal arts was submitted in 
May 1990; implementation of its recommendations has 
been initiated. For the liberal arts to participate to a 
greater extent in planning and support policy and its 
implementation, the BMFT has set up for the time being, 
until 1993, a group of “liberal arts” specialists in which 
current issues of support policy for the liberal arts are 
under discussion. 


Federal-Laender Support for Institutes 


Joint federal-laender support for institutional research 
extends to three MPG liberal arts institutes, 


—Institute for History in Goettingen 
—lInstitute for Educational Research in Berlin and 
—Bibliotheca Hertziana in Rome 


as well as to nine Blue List non-academic liberal arts 
research institutes: 


—German Language Institute, Mannheim, 
—Chronological History Institute, Munich, 

—German Overseas Institute Foundation, Hamburg, 
—Johann-Gottfried Herder Research Council, Marburg, 


—Research Institute at the University for Administrative 
Sciences, Speyer, 


—four institutes in the area of the educational disciplines 
plus 


—the research sections of the German National Museum, 
Nuremberg, and 


—the Central Roman-Germanic Museum, Mainz. 


The responsibility for those institutes is distributed, on the 
federal end, among the Foreign Office (AA), BMI, BMFT 
and BMBW—f. also part VI, sect. 2.1 and chap. 4. 


The federal government and the laender also jointly sup- 
port the Prussian Cultural Legacy Foundation that per- 
forms liberal arts research in all its institutes in 


—the National Museums at Berlin—Prussian Cultural 
Legacy, that works on all areas of western art and 
archeology, Indian, East Asian and Islamic arts and 
ethnology, 


—the Prussian Cultural Legacy National Library at Berlin, 
in which collections of manuscripts, music, maps and 
Orientalia are researched and published, 


—the Classified Government Archive, 
—the Ibero-American Institute and 
—the National Institute for Musical Research. 


On the federal end, the financing resides with the BMI. 
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The BMI also supports—partly with the respective land 
where domiciled, partly with all laender—on an institu- 
tional basis the institutes combined in the Working Group 
of Independent Cultural Institutes (ASKI). The research 
activities deserving emphasis here are primarily research 
activities conducted on the sources of unpublished docu- 
ments in the German Literary Archive of the German 
Schiller Society, in the Free German High Foundation/ 
Frankfurt Goethe Museum and in the Beethoven Archive 
of the Beethoven-Home Union plus the linguistic studies 
of the German Language Society. The Weimar Classical 
Foundation and the Bauhaus Dessau Foundation also 
receive institutional support through the BMI and the 
respective land where headquartered. 


Federally Supported Institutes 


Without laender participation, the federal government 
also supports liberal arts institutes of general national 
significance, above all, those with a foreign link 


—The AA supports liberal arts research, first, through the 
German Archeological Institute in Berlin with its 
numerous activity centers in various countries (cf. part 
VI, sect. 5.2.1), second, via the various programs of the 
Alexander von Humboldt Foundation (AvH) and the 
German Academic Exchange Service (DAAD) (cf. part 
VI, sect. 1.3 and 1.2). 


—The BMI sponsors policy training institutes (“Konrad 
Adenauer House” Fourdation and “Reich President 
Friedrich Ebert Memorial” Foundation) and the univer- 
sity for Jewish studies in Heidelberg and the Leo Baeck 
Institute with institutes in Jerusalem, London and New 
York. 


—The BMFT is responsible for seven German research 
institutes abroad, 


¢ the German Historical Institutes of Paris, in London, 
Paris, Rome and Washington, 

e the Art History Institute in Florence, 

¢ the German Institute for Japanese Studies in Tokyo 
and 

¢ the Orient Institute in Beirut with its own outpost in 
Istanbul 


(cf. also part VI, sect. 5.13). 


Those institutes have in common the responsibility of 
making it easy for academia in Germany to access sources 
and research of the host country, to make Germany’s 
research known abroad and to enhance international sci- 
entific cooperation. In 1989 the BMFT jointly with Israel 
also established a research center for German-Jewish lit- 
erary and cultural history at the Hebrew university of 
Jerusalem. 


—aAlso looming in 1993 is the founding of the German- 
American Academic Council (working title), the 
German Historical Institute in Warsaw was established 
in May of that year. 
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There is support by various federal ministries (above all, 
AA, BMI and BMFT)—especially in departmental 
research—for projects that hold special interest for the 
federal government from different points of view—e.g., 
generally official nature, foreign connection. In 1991, with 
BMFT participation, a German-American program was 
established to support liberal arts and social studies. 


The BMI supports studies to clarify the terms and impact 
of decisions, processes and actions in the area of cultural 
policy. The support activities support the goal of deriving 
qualified bases for decision-making for the increasing 
demands on cultural policy. 


Protection of Cultural Property 


With an increasing financial commitment the BMFT sup- 
ports projects in the area of protection of cultural property 
and the employment of new technologies in the liberal arts. 
In 1990, the German-Chinese research focus, “Protection 
of Monuments,” began its work in Xian. In 1992 an 
exchange of experience was initiated with Japan in the area 
of protection of monuments. 


Social studies 


Social studies have the important role of pointing out the 
fundamental social and political problems and design 
responsibilities for our society. This calls for interlinked 
contributions from all academic disciplines pertinent 
thereto, including law, economics, social psychology and 
cultural studies. 


The basic support for development of the research poten- 
tial of social studies is realized overwhelmingly by the 
laender through the universities. In the framework of total 
federal-laender support, social studies also are supported 
via support organizations "xe the DFG, Volkswagen 
Foundation or sponsoring organizations like the MPG that 
award the funding on their own responsibility (cf. also part 
VI, chap. | and 2). Such support is supplemented by 
measures by various federal jurisdictions and through 
federal-laender collaboration. 


Support in the Area of the BMFT 


Appropriate social study analyses and actionable knowl- 
edge are essential for managing the problems associated 
with the change in our society marked by scientific 
research and technological development. In January 1986 
the BMFT’s “social studies” support focus was instituted 
contributing basically to acquiring orientation and design 
knowledge. 


—In the area of technologically related social research the 
interactions between technology and society are studied 
primarily in the Social Studies Technological Research 
Association established in 1985, which since then has 
been coordinating the research projects of 11 institutes, 
defined them in a common concept and assessed the 
experiences and findings. The new information and 
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communications technologies were chosen as cross- 
technologies that are examined in their interaction on 
family, education, workplace, economy and society. 


—Basic social studies research in selective problem areas 


and dissemination of the results to academia and the 
real world is the responsibility of the Berlin Scientific 
Center for Social Research (WZB, cf. also part VI, chap. 
4). The overarching lead theme for the scientific activi- 
ties of the institutionally-supported WZB is the devel- 
opment trends, adjustment problems and innovation 
prospects for modern democratic societies. Since the 
end of 1989 the WZB has become an on-ramp for 
scientists from the new laender for scientific informa- 
tion, communications and joint projects in their fields of 
activity. As recommended by the WR, exceptional 
working groups and individual researchers from the 
abolished institutes of the AdW have been assigned 
there in the interim. Through the thematic and organi- 
zation reform concluded in the meanwhile, the long- 
term, problem-ori nted basic research of the WZB has 
been improved especially through the foci, “Job Market 
and Employment,” “Technology-Work-Environment,” 
“Social Change, Institutions and Mediation Processes” 
and “Market Process and Corporate Development.” 


—In the area of empirical social research and its infrastruc- 


ture 


the Socio-Economic Panel (SOEP) is jointly sup- 
ported by the federal government (BMFT) and the 
laender under DFG project support. The SOEP rep- 
resents the most comprehensive long-term study 
encompassing more than 8,000 households for a rep- 
resentative sampling and interpretation of objective 
living conditions and subjectively perceived individ- 
uals’ quality of life. By means of it the development of 
social and economic policy indicators for the time 
period is to be analyzed. As early as June 1990, the 
SOEP was expanded by special BMFT support to the 
area of the former GDR (as the first in a wave of East 
German surveys of about 2,200 households). As a 
result there is available an internationally unique set 
of microdata—at the time, even prior to the start of 
economic, currency and social union—that allows 
observation and analysis of the impacts of sweeping 
social and economic changes on individual behavior, 
the actual situation and subjective living conditions 
in the new laender. It also affords the rare opportunity 
to test a spate of sociological and economic theories 
using a “real experiment.” 

The Social Studies Infrastructure Institutes Society 
(GESIS) founded in 1986 consists of a merger of three 
social research institutes that were put on a perma- 
nent footing and included in federal-laender Blue List 
support: the Centrai Archive for Empirical Social 
Research at the university at Cologne, Social Studies 
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documentation of social studies researches, assem- 
bling and assessing social studies research data, 
advising and supporting research projects. Those 
institutes also assist in R&D on social studies 
methods and developing routine polls conducted 
nationwide whereby science and policy data can be 
made available on the most diverse areas of social and 
cultural life. On the recommendation of the WR, with 
the incorporation of qualified researchers and 
working groups from the abolished institutes of the 
former AdW, data and research reports from the 
social research of the former GDR are being safe- 
guarded. GESIS services are simultaneously made 
available to the new laender. The information 
exchange with East Europe is being intensified. With 
German and European integration, in coming years 
an even more intense exchange with comparable 
institutions abroad, an even more intensive partici- 
pation in international scientific discussion and an 
improved visibility of Germany's contribution in the 
internatio.ial development of social studies can be 
anticipated. 

German reunification has radically altered not only 
the total institutional structure in the new laender but 
also taken deep root in the daily lives of people and 
their individual and collective self-awareness. The 
WR’s recommended Commission for the Exploration 
of Social and Political Change in the New Laender 
(KSPW), founded in 1991, constitutes the basis for 
rapid observance of the unique and important polit- 
ical and social research opportunities that are being 
afforded. Economic and social scientists from the new 
laender are cooperating with West German scientists 
in the KSPW’s working groups and contributing their 
specific knowledge of the political and social condi- 
tions in the former GDR to the research. The KSPW 
launched its activity by issuing brief studies serving as 
the basis for larger research projects, inventorying 
and safeguarding of data and survey findings, imple- 
mentation of ...e studies or preparing conferences. 
The short studies that have been concluded in the 
meantime and the larger projects that have been 
initiated deal with job market problems, sectoral 
developments in startups of new operations, indus- 
trial relations between unions and employers and job 
protection. They also deal with the traditional themes 
of political science, from development of municipal 
administration through development of party organi- 
zations, the “major” themes of sociology such as 
social differentiation, development of social adminis- 
trations and also themes pertaining to socialization 
and education in the development of educational 
orientations, risk behavior of young people and prob- 
lems in managing family life styles. The KSPW is 
financed by the BMFT and BMA. 


Future BMFT support in the area of empirical social 
research will target development of an academically spon- 
sored network for social reporting that, among other 


Information Center in Bonn and Center for Polls, 
Methods and Analyses e.V. in Mannheim. The 
responsibilities of those institutes include filing and 
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things, will build on the activities of WZB, GESIS, SOEP, 
KSPW and the Social Studies Technical Reporting Asso- 
ciation. 


—Since 1984 peace and conflict research has been con- 
tinued under a DFG support focus. Thematic foci 
included “Institutions and Methods for Peaceful Han- 
dling of International Conflicts” and the “Source of 
Militant Conflicts in Third-World Countries.” In the 
meantime the focal point program has been extended by 
the DFG with the modified themes, “Strategies and 
Structures of Handling Non-Violent Conflict Among 
Industrial Countries” and “Violent Conflicts in Devel- 
oping Regions.” As a result, included in the scientific 
activity was the change in the threat for peaceful coex- 
istence of individuals and peoples that recently, in 
particular, has entailed a change in defense security 
issues and a change in emphasis on the threat from 
ecological destruction, ethnic-religious nationality con- 
flicts and poverty-induced migrations. Since 1984 also 
the Peace Research Study Center in Bonn (AFB) has 
been supported institutionally as a federal-laender insti- 
tute as recommended by the WR. 


The BMFT’s support for social studies research is also 
concentrated on interdisciplinary approaches to complex 
problems arising from S&T and social research having an 
international complexion. In that connection, East Europe 
especially should be assisted into partnership in the con- 
text of European science. 


Support in the Area of the Federal Ministry for Family 
and the Elderly (BMFuS) 


For individuals in our society, family continues to enjoy 
high status. Basic social conditions that specify leeway for 
designing family life and fulfilling family responsibilities 
play an important role for family life. 


Living conditions in our society have become differenti- 
ated primarily in terms of pluralization of life goals and life 
styles and taken on increasing complexity through the 
addition of the new laender. 


This is the focus of the BMFuS’s departmental research; it 
especially targets 


—determining the basic conditions for family life, changes 
in families’ and different generations’ coexistence and 
the situation of families in general, 


—detecting problem situations to prepare policy actions 
and 


—using experimental models to test practical measures for 
policy implementation. 


In view of demographic changes, federal responsibilities 
include greater dedication to a policy for the elderly. Even 
at present one fifth of our population is 60 years or older, 
a percentage equal to that of young people under 20 years 
of age. In the year 2030 nearly 40 percent of all citizens will 
have crossed the 60-year-old threshold. 
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Practically-oriented research projects and model projects 
should define appropriate basic conditions that can help 
different groups of the elderly to enjoy a social life, sharing 
their experiences and interests, maintaining for as long as 
possible an independent lifestyle and receiving compre- 
hensive rehabilitation when hit by illness. A further goal is 
using targeted measures to alleviate the situation of those 
requiring care and those providing it—especially in the 
case of family care at home—and to help improve the 
housing situation of the elderly. 


Cross-responsibility policy on the elderly is supported by 
research and model projects in the following thematic 
sectors: 


—-situation of the elderly and assistance for the elderly in 
the new laender 


—economic and financial situation of the elderly 


—situation and demand for assistance and care for an 
independent lifestyle including problems of care by 
relatives 


—housing situation of the elderly 


—social problem areas (e.g., representative study on eld- 
erly folks’ attitudes and fears in connection with crim- 
inal activity and violence). 


Support under the Federal Ministry for Women and 
Youth (BMFJ) and BMBW 


The BMFJ’s youth research supports the ongoing further 
development of a youth policy using new forms to promote 
and safeguard the development of young people in our 
society. The consequences of social structural change for 
the development of youth assistance have to be analyzed 
through long-term research activities having an interdisci- 
plinary design. The federal government confirmed this in 
its position on the eighth youth report (parliamentary 
document 11/6576) of the report commission on future 
development of youth assistance research. 


In fulfilling its responsibilities in the area of youth 
research, the federal government primarily avails itself of 
the German Youth Institute (DJI) supported institution- 
ally out of BMFJ funding. The laender share in the DJI’s 
budget. There are also individual projects supported by 
BMFJ, BMFuS and BMBW (see part VI, sect. 5.8.1). 


Federal research on women, especiaily by the BMF, 
makes an essential contribution towards implementation 
of equal rights as a social reality and creates the scientific 
basis of a policy for improved working and living condi- 
tions for women.”° 


Research on women has developed especially in the sub- 
ject areas of liberal arts, social studies and cultural studies 
as an independent branch of research. Depending on the 
context of a research sector it deals respectively with 
problems of establishing women’s roles, fields of activity 
and real-life connections, their past and present accom- 
plishments and incorporating their accomplishments in 
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the individual academic disciplines. As cross-thematic and 
-disciplinary research it studies women’s real-life family 
conditions as well as working world and legal situations, 
not only attending to research on women but also relations 
between the sexes. 


Research on women is currently an integrated part of 
federal departmental research activities. In past years in all 
federal jurisdictions more research projects pertaining to 
women were commissioned and supported. As prerequi- 
site and concomitant to women’s policy measures they 
help to disclose deficiencies in equal rights policy, to signal 
leeway for action and to test the acceptance of measures 
among the respective target groups. The BMF) is partici- 
pating with a support total of nearly 10 percent of the 
institutional budget in the Woman and Society Institute 
(IFG) in Hannover, that has the land of Lower Saxony as 
its partner,. 


In view of the key role education policy is assigned in 
implementation of equal rights policy, support of research 
on women has developed into a firm component of 
BMBW’s educational research in all educational sectors. 


In October 1989, the federal-laender Commission for 
Educational Planning and Research Support (BLK) 
adopted a report on “Support of Women in the Field of 
Science.” It was noted with approval by federal and 
laender leaders of the administration. That report repre- 
sents the measures already initiated by the federal govern- 
ment and laender for support of research on women and 
contains recommezdations for further expansion of it. The 
federal government is supporting the implementation. 


What is more, with special support measures, too, the 
federal government anticipates increased research activity 
in the areas of research on women from the Second Special 
University Program (HSP II) and University Renewal 
Program (HEP) and the expansion envisioned there of 
research support at all stages of scientific qualification as 
well as from the design of the HSP II that especially 
supports women (see “First Interim Report on the Imple- 
mentation of Measures Especially Supportive of Women 
in the BLK’s HEP II’’) (cf. also chap. 1). 


Support Under the BMJ 


With the assistance of research on legal matters, the social, 
political and factual conditions of the source and impact of 
legal norms are studied on the basis of social study 
methods. Besides preparing and assessing current legisla- 
tive projects (e.g., in the areas of rehabilitation of Socialist 
Unity Party of Germany [SED] injustice, family law, 
procedural law), the research focus, “Structural Analysis of 
Justice (SAR)” primarily tackles structural problems of 
justice, i.e., its organization and its procedures as well as 
the interaction of conflict resolution in and out of the 
courtroom. Such research activities, in fact, support the 
important social policy endeavors to realize a state of 
equilibrium between formal and informal justice. The 
insights gained in the first phase of the SAR are being 
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rendered useful for development of a rule-of-law state 
justice in the new laender, e.g., through continuation of the 
studies in this area. 


Criminology makes empirical and theoretical knowledge 
available for the special vector of criminal law. Rational 
criminal law policy relies on empirical knowledge of the 
reality of criminal law, from the manifestations, causes 
and developments of criminality to execution of the sen- 
tence and execution of punishment. Such knowledge is 
necessary so that problem situations that result from social 
developments can be detected in timely fashion, a judg- 
ment made on the necessity and appropriateness of crim- 
inal law policy measures and their impact reviewed. The 
research measures were extended in past years, above all, 
to the fields of terrorism and extremism, economic crimes, 
criminal justice for youth and the perpetrator-victim bal- 
ance in criminal proceedings. Current projects also deal 
with possibilities of combating trafficking in children and 
the causes of right-extremist violence. 


Economics 


Support Under the BMWi 


Economic policy uses the activities of empirical economic 
research as a decision-making aid for economic policy 
measures and projects. The demand of politicians and 
economists, too, for current economic information and 
data requires current empirical and statistical studies on 
interdependencies and development trends, nationally and 
internationally. This holds true for all important areas of 
economics. The work also encompasses arrangement of the 
empirical results in a comprehensive theoretical concept of 
planning, competitive, structural and regional policy. 


Such responsibilities are handled by the economics 
research institutes that perform applied and practically- 
oriented economic research and also take on appropriate 
research contracts. 


Economics research is supported through 


—institutional support of supra-regional economic 
research institutes: 


Institute for World Economy at the university of Kiel 
HWWA Institute for Economic Research, Hamburg 
German Institute for Economic Research, Berlin 

Ifo Institute for Economic Research, Munich 
Rhine-Westphalian Institute for Economic Research, 
Essen 

e Institute for Economic Research, Halle. 


—contract research on special themes. 


The institutes’ scientific activities basically are published. 
They are thereby available not only for federal jurisdic- 
tions, but also ail economic groups, social partners and 
interested public as an opinion-shaping instrument and 
decision-making tool. 
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22. Assessing the Consequences of Technology, 
Other Activities (Support Sector W) 


Assessing the Consequences of Technology (TA) 


To enable responsible policy decisions and to establish 
trust, examination and clarification of new technologies’ 
opportunities and risks assume major importance. The 
consequences of today’s decisions have to be able to be 
dealt with by future generations too. We, for example, have 
experienced and recognized this in regard to our environ- 
ment. 


TA is able here to make a major contribution to a rational 
and appropriate discussion and decision-making process 
on the basis of scientifically-founded insights and judg- 
ments. TA, however, goes beyond mere scientific ways of 
looking at things; it is an assessment of technology also in 
the sense of choosing among competing demands. It there- 
fore calls for joint efforts by politicians, academia, the 
private sector and society. 


The federal government attaches great political impor- 
tance to TA. In the course of reunification it therefore 
noted with attention that TA had not been established as 
an instrument of policy advice in the former GDR. The 
reason was that the government planning system with its 
demand for perfection was not attuned to reckon with 
negative technological consequences. The pressure from 
problems in the new laender (environment, transport, 
information technology, etc.) therefore call not only for 
emergency measures but the development, over the 
medium haul, of appropriate TA capabilities. 


Development of TA in the New Laender 


In developing such a new TA infrastructure in the NBL, it 
became evident in the meantime that concepts and activ- 
ities from the original laender could be transferred to the 
situation there only within narrow limits. It is crucial 
therefore to have researchers and officials responsibly 





JPRS-EST-94-019 
18 August 1994 


aligned through “on-site knowledge and experience” with 
the development of a TA system. 


Since German reunification the BMFT has authorized ca. 
DM3 million for activities for gradual improvement of 
basic TA conditions. Only the following projects may be 
mentioned as examples from the spectrum of activities: 


—TA research grants are awarded to provide training and 
advanced training, conceptually and methodologically, 
to qualified next-generation scientists in designated 
institutes in the original laender through project 
activity. 


—Thematically important examples of such project 
activity include studies on the “Consequences of the 
Output From Carbide Chemistry” and “Possibilities 
and Risks of the Use of Saliniferous Lignite” in ihe 
framework of a future energy concept. Industry-related 
themes include the “Use of Next-Generation Raw Mate- 
rials in Future Technologies of East Germany’s Chem- 
ical Industry” and the “Impacts of the Use of New 
Biotechnological Processes in the Production of Food- 
stuffs.” 


Hence the first steps are being taken to introduce TA in the 
NBL. To form a systematically-designed survey for refer- 
ential knowledge and simultaneously to encourage dialog 
between academia and research policy, a memorandum 
has been published in the meantime on “TA in the New 
Laender—Concepts, Problems Areas, Themes.” 


The federal government welcomes the German parlia- 
ment’s establishment of a TA Bureau (TAB) that has 
assumed an important function in the system of German 
TA institutes. In turn, the federal government will see to it 
that 


—a broad methodical basis is established to enable elabo- 
ration of TA-oriented knowledge, 


—such knowledge is made available for public discussion 
and 


—internal scientific and public dialog on politically cur- 
rent TA issues is set in motion. 


Since 1982, with this as its goal, the federal government 
has incorporated a whole succession of TA research 
themes in its support programs—e.g., ,roduction tech- 
nology (also see chap. 9), specialized information, biotech- 
nology, information and communications technology and 
laser technology. 


The following may be mentioned as examples of TA 
studies with specialized program orientation: 


—Energy: nuclear fusion therne 


Nuclear fusion, one of a few possibilities for supplying 
humankind with energy over the leng-term, will be tech- 
nically feasible only in the middle of the next century. 
Because of the enormous time scale, the corresponding 
scope of the costs and the high technological and scientific 
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risk, the BMFT is conducting TA studies concomitant with 
its fusion program (also see chap. 5). 


—Transport: monitoring theme 


Monitoring in the transport area should identify TA 
problem areas opportunely and derive recommended 
actions for politicians and academia. The foci include 
public passenger transport and, above all, assessment of 
the opportunities and risks of modern information and 
communications technologies in transport systems (also 
see chap. 13). 


—Aerospace technology: hypersonics, German Spacelab 
[D]-missions, manned space travel theme 


Timely TA is being performed in hypersonic technology as 
an element of technology development. The “hypersonic 
technology” TA study on this initiated by the BMFT 
addresses the technological, scientific, economic, ecolog- 
ical and social prospects for hypersonic technology. An 
additional TA study deals with the German space missions 
(D1, D2 missions) that are, in turn, lead projects under the 
U.S. SPACESHUTTLE program. It presents, among other 
things, the pros and cons of technological, scientific, med- 
ical and political aspects of manned space travel (also see 
chap. 4). 


—Information technology: artificial intelligence, expert 
sys'ems theme 


Information and communications technology—primarily 
because of its universal nature—the assessment of its 
consequences on important segments of society, job, edu- 
cation and leisure spberes, constitutes an important TA 
focal point (on this topic also see chap. 9). 


TA Infrastructure 


Support of TA work units in the GFE contributes to the 
expansion of TA research capabilities. Ultimately, the 
federal government, ¢.g., with the TA databases it sup- 
ports, buttresses the development of an information infra- 
siructure that provides interested politicians, administra- 
tors, academicians, business people, labor unionists and 
the public with a survey of current development in the TA 
sector (projects, institutions, literature). It also supports 
the continued developrnent of the TA toolkit through TA 
conferences (October 1991, themes: Transport, Cleanup of 
the Soil and Gene Technology) and the recommendations 
of the committee of top-flight experts on “Basic Issues and 
Program Prospects of TA.”’?’ 


TA Research 


The focal point, “TA Research,” was thereupon drafted as 
“ recommendation of the expert committee. In connection 
with it-—besides continuation of “virtual policy” themes 
initiated by the BMFT—TA research is also given 
increased support, whereby, ultimately, the problems are, 
above all, to be developed by academia. The aims of such 
support include expansion of the theoretical basis of TA 
and improvement of the TA infrastructure. Current 
projects based on it were presented in August 1992.7* They 
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provide contributions, for example, on the long-term 
impacts of the technologization of everyday life on fami- 
lies or on the use of new organisms altered through genetic 
technology in the production of foodstuffs. 


Future Responsibilities of Any Cross-TA 


In the future the federal government will pay increased 
attention, in the case of new laws and regulations, to timely 
consideration in the legislative process of the harmful 
side-effects of research. The impacts of laws and of legal 
norms under the law on innovations in research and 
industry and thereby, not least, on “Germany Inc.” are 
coming increasingly under criticism. The effective links 
between research innovation and legal regulation, how- 
ever, are still not well known enough to enable an adequate 
assessment of legal consequences on research and to avoid 
any possible impediments to innovation. With TA’s inter- 
disciplinary toolkit it is possible to shed scientific light on 
this theme that has received too little attention thus far. In 
any assessment of lega! consequences of this kind a careful 
study first has to be made of regulations from the areas of 
environmental protection and safety calling for consider- 
ation (on the basis of the primary intention of the legis- 
lator) and whether they are consistent with the interests of 
unhampered research. The responsibility of any TA-type 
assessment of legal consequences is to support an appro- 
priate weighing of the pros and cons. A preliminary 
working concept has been formulated for this new TA 
sector. 


TA committees 


Coordinating committees that are to furnish the recom- 
mendations on new technological developments are 
another important component of TA activities. For 1991, 
two committees have submitted their final reports: 


The commission on “Neurobiology/Brain Research— 
Neural Computing, Artificial Intelligence (AI)” undertook 
an assessment of the current state of knowledge in brain 
and AI research and noted the medium-term outlook for 
research. It developed proposals on how neurobiological 
knowledge can be studied for its technological potential in 
information technology. The commission also pointed out 
what impacts of brain research and neural computing on 
future economic and social development need to be pon- 
dered and whether ethical issues are involved therein (on 
this subject see above, chap. 10). 


—A CIM commission?’, including representatives from 
academia, the privaie sector and unions, assessed and 
evaluated the impacts of computer-aided, networked 
production in various stages of readiness and introduc- 
tion and drew up a catalog of recommendations for 
action. Via the BMFT these also are routed to the 
executive in general and the tariff partners. 


In the BMFT’s TA concept, work is done not only on some 
future responsibilities oriented towards the long-term 
demand of our society, but also, e.g., interactions among 
work, technology and leisure time. The nature of leisure 
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time activities and the value attributed to them are recip- 
rocally related to the requirements of the work place and 
the technological and organizational changes occurring 
there. 


TA Dialogs 


The BMFT supports TA dialogs to identify new TA 
thematic foci. In them, scientists and representatives of 
social groups discuss current problems of the social, eco- 
logical and economic consequences of technological 
change and develop strategic solutions. 


Bonn’s Science Zone 


An essential pillar in the federal government’s concept of 
measures benefiting the Bonn region to offset the loss of 
seat of parliament and government functions is to provide 
the location with new functions in the area of research and 
technology and science and education. The aim of the 
“Bonn Science Zone” concept jointly elaborated by the 
BMFT and the BMBW—tying in with existing potential— 
is to give the region a profile and attractiveness that is 
plausible and sustainable over the long term. 


The concept focuses on the following foci: 


—expansion of research and educational institutes in the 
high-tech sector aimed at increasing the region’s 
capacity for innovation and thereby it should acquire 
additional attractiveness as a center for training and 
continuing education and for the siting of technologi- 
cally-oriented firms; 


—expansion of the European-focused and international 
educational, research and training resources; 


—expansion of the infrastructure for international 
exchanges and encounters. 


Priority projects include, for instance: 


—the establishment of a European research center for 
cutting-edge research in strategic fields of technology 
(“Center for Advanced European Studies and 
Research—CAESAR’”’); 


—the estab'ishment of a “Bonn European School of Eco- 
nomics e.V. (BSE)” foundation in the shape of an 
autonomous institute conducting postgraduate studies 
and research; 


—newly founded FhG and MPG institutes; 


—establishment of a North Rhine-Westphalian technolog- 
ical university at Rhein-Sieg and a department at Bad 
Neuenahr-Ahrweiler of the Rheiniand-Palatinate tech- 
nological university. 


Also being reviewed is the realization of a science park that 
is to make technological development transparent and 
understandable for interested lay persons by means of a 
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lively presentation of scientific-technological interrelation- 
ships. There is also an endeavor to found an academy of 
European TA studies and a center for occupational 
training. 


International Aspects of TA 


Government-organized TA in Germany is on a par with 
the TA capabilities of comparably industrialized countries 
in terms of its competitiveness and its scope. The federal 
government's activities are in a state of ongoing interac- 
tion with the respective activities of other countries and 
international organizations. Of special interest to the fed- 
eral government in this regard are, above all, the EC 
Commission’s MONITOR/FAST program and the studies 
by the U.S. Office of Technology Assessment (OTA). The 
EC’s MONITOR program is jointly designed by the federal 
government with the participation of German research 
centers. 


As demonstrated in a study commissioned by the BMFT 
and produced by the polytechnic college of Kassel 
(GhK)*°, the approaches to and handling of TA in Europe, 
the U.S. and Japan are completely different, there is no 
“one best way” of TA. In view of the process of European 
unification, however, knowledge of different national 
models for dealing with TA is becoming more important. 


Other Activities 


Special Funding for International Cooperation 


For preparing and implementing joint R&D programs and 
projects, the BMFT guarantees funding to dispatch and to 
receive scientists and technology experts. It thereby also 
supplements the development policy activities of the BMZ 
(cf. specifically part VI, sect. 5.16.1) that support, among 
other things, the development and expansion of the scien- 
tific-technological infrastructure (technology centers, 
research institutes, scientific study services) in developing 
countries. Both ministries closely cooperate on support for 
third-world research and technology. They are supported 
in that, above all, by the German Appropriate Technology 
Exchange (GATE) working unit of the German Society for 
Technological Cooperation (on cooperation with devel- 
oping countries, also see part V, chap. 3.4). 


Special Program for Support of Selected 
Researchers and Groups of Researchers 


The status and quality of a country’s S&T development in 
an international context and in the scientific and research 
feedback of the country itself is significantly stamped by 
the special accomplishments of individual researchers and 
groups of researchers. In 1985, on the initiative of the 
BMFT, the federal government and the laender adopted a 
special program for supporting selected researchers and 
groups of researchers to continue to intensify Germany's 
Outstanding research. Its goal is to improve the work 
possibilities of exceptional researchers and groups of 
researchers, to relieve them of administrative expenditure 
of labor and to facilitate the collaboration of especially 
qualified younger scientists. Simultaneously, outstanding 
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research achievements are recognized in it. The federal 
government and the laender finance the program, that was 
extended for another five years in 1991, in a ratio of 75:25. 


The program is implemented by the DFG on its own 
responsibility. Since 1986 it has awarded in this context 
the “Support Prize for German Scientists in the Gottfried 
Wilhelm Leibniz Program.” Each year approximately 10 
researchers or groups of researchers are honored. The prize 
winners may be given support funding that can be used in 
an especially flexible manner totaling as much as DM3 
million distributed over five years. 


Exchange of Scientists 


The federal government attaches considerable importance 
to transfer of knowledge via the exchange of scientists. 


The DAAD and AvH programs—f. also part VI, sect. 1.2 
and |.3—financed in particular by the AA and BMBW, are 
supplemented by the following BMFT programs in the 
area of science and engineering and medicine (1989, nearly 
DM13 million): 


—special research grants and research prizes on a recip- 
rocal basis for highly qualified foreign scientists to carry 
out research projects at German research Instituts (ca. 
50 grants and 10 research prizes per year) via the AvH; 


—European research cooperation, 60 to 80 research grants 
to young, highly qualified foreign scientists from West 
European, especially smaller EC, states to carry out 
concrete research projects at German research institutes, 
among other things, also in the framework of limited- 
time partnerships, also via the AVH; 


—special U.S. program, annual award of the “Humboldt 
Prize” to ca. 90 recognized scientists and engineers plus 
physicians coupled with an invitation to a German 
research institute for long-term collaboration through 
the AvH (cf. also part V, sect. 3.1); 


—Max Planck Research Prize to internationally recog- 
nized foreign and German scientists for outstanding 
scientific achievements. When finalized, as many as 30 
prizes are to be awarded annually to support interna- 
tional cutting-edge activities. The award is made via 
AvH and MPG; 


—support for scientific relations with the countries of East 
and Central Europe and countries formerly belonging to 
the USSR (cf. also part V, sect. 1.3). 


—cooperation by German and Chinese scientists on joint 
research projects in the framework of MPG and Aca- 
demia Sinica cooperation, currently, ca. 40 Chinese and 
ca. 40 German scieutists and eight to 10 groups of 
scientists (cf. also part V, sect. 3.3). 


Under the aspect of support for the scientific competitive- 
ness of developing countries, the BMZ cooperates with 
AvH, DAAD and DFG on the following programs: 
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—special research grants for scientists from developing 
countries via the AvVH (1988: 69 grants), 


—grants for advanced studies relating to development at 
German universities for graduates via the DAAD (1988: 
157 grants), 


—graduate scholarships for on-site studies at universities 
in developing countries via the DAAD (1988: 700 
scholarships), 


—support for cooperative research among German scien- 
tists and those from developing countries jointly with 
the DFG (1991: 33 projects), cf. also part V, sect. 3.4. 


Research on Civil Defense and Disaster Protection 


Under Article 73 nr. | GG, the federal government has the 
responsibility of ensuring the protection of the civilian 
population in the event of defense. 


For the BMI to fulfill the responsibilities transferred to it 
in the area of civil defense/disaster protection, the imple- 
mentation of research measures is called for. The ability 
quickly to realize full preparedness of an effective system 
to protect the population in an emergency requires that the 
planning concepts, strategies, methods and development 
of necessary technological systems in civil defense/disaster 
protection are maintained at and continually developed to 
the latest S&T levels. 


This requires, in particular, ongoing 


—analysis and sharpening of knowledge regarding the 
(changing) risk potential (radiation, pollution, combina- 
tions), 


—development of concepts, strategies and technological 
systems for threat detection, prevention and control 
(e.g., integrated measurement, information and control 
systems), 


—improved strategies and methods of medical (emer- 
gency) care under the constrained conditions of extreme 
situations 


—improved measures for rapid recovery of the function- 
ability of the infrastructure and 


—heightened awareness of the behavior of people in 
dangerous situations including the problem of “risk 
communication.” 


The defense commission created at the BMI advises the 
BMI in determining the need for research and the 
awarding of research contracts. 


The research results are published in the serial publication 
“Civil Defense Research.” 


23. Defense Research and Technology (Research 
Sector X) 
Field of Defense Technology R&D 


Defense Technology R&D is embedded in domestic R&D 
policy. An analysis of government activity in this field 
reveals differences with our partners in the alliance: 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 














122 


: 2. Soli 
1.000 enh Spm tee 





-schatts- 
ausgaben 
566,7 darunter 
400 450,1 _. ... 475.3. FuE 
1989 1990 1991 1992 1993 
5, Reg.-Entw. 


Federal Outlays for Other Activities Not Ascribed to 
Other Sectors (in millions of DM) 


Key: 1. Actual; 2. Projected; 3. Scientific outlays; 4. 
Including R&D; 5. Administration-bill 





In the FRG, R&D so far has been financed at less than 40 
percent (ca. DM22 billion) out of government funds. 
Among the partners, on the other hand, the percentage of 
R&D financing is considerably higher. 


Of Germany’s official R&D expenditures, only about 
DM3 billion, i.e., nearly 13 percent, support defense 
technology R&D. 


In the U.S., on the other hand, so far 75 percent, in Great 
Britain 50 percent and in France 34 percent of official 
R&D expenditures have gone to defense: this means that 
in the partners’ countries, “civilian” R&D demand is 
frequently covered in the guise of supplemental measures 
for defense technology programs. 


In Germany, official R&D efforts primarily target civilian 
R&D support and here, in particular, support for basic 
research and a broadly construed concern to develop the 
opportunities for human life and ensure social progress. 


The BMV ’s specifically departmental R&D efforts rooted 
in security policy, like other departmental research, too, in 
turn builds on that broad scientific foundation in the form 
of “add-on” programs or supplemental programs. 


—In developing federal defense the federal government for 
the most part dispenses with its own defense technology 
R&D institutes and essentially relies on outside scien- 
tific expertise. 


Foundations of — Defense Technology 


Defense technology R&D is essential to maintain defense 
readiness. 


—The acceptance and credibility of our security policy 
depend both on high-quality technological coverage of 
the need for armaments in the alliance and on the 
availability of technologies required for verification of 
disarmament measures. 
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—Both place high demands on the BMV ’s technological 
judgmental competence. For the continued develop- 
ment of security policy, strategic and tactical concepts, 
scientifically validated judgmental competence is 
required. Judgmental competence is simultaneously a 
requirement for weapons acquisitions. 


—An adequately validated technological basis is also 
indispensable for our allied capability. 


—A shortage of resources as technology grows more com- 
plex is increasingly driving resource bundling. Cooper- 
ation makes great demands of the partners: only one 
contributing competitive technology can continue to be 
a partner in the cooperation with equal rights. A lack of 
technological competence leads to foreign purchases 
that often results in a dependency on monopolists. The 
BMVg banks on cooperation: 70 percent of the large 
projects were realized through international coopera- 
tion. 


Technology and cooperation capability therefore are the 
central bases for one’s own R&D endeavors. 


On the basis of the steadily growing complexity of tech- 
nology, timely cooperation in the future will have to be 
intensified—and it will alter its character: 


—Not only in the context of product developments, but 
also even for the development and the security-policy 
assessment of new technologies, international resources 
bundling is a necessity. In other words: defense tech- 
nology research essentially supports broader goals than 
merely the development process. 


In that context cooperation in research via the exchange of 
information and experts all the way to a genuine division 
of labor needs to be expanded. 


The number of programs that are planned and imple- 
mented on a cross-border basis will increase. Bilateral 
projects, especially with France, but also the Independent 
European Programme Group (IEPG), European Coopera- 
tion for the Long Term in Defence (EUCLID) initiative, 
point the way. 


—An additional reason for official R&D allocations is that 
the satisfying of demand should not be the result of 
industrial stimulation of demand; the goal rather is the 
creation of independent judgmental competence. 


Tenor of Defense Technology R&D 


Under the purview of the BMVg, the field of R&D, unlike 
the ordinary and other terminology underlying the report 
(cf. part VII, introduction), is divided into 


—Research and Technology (FuT) that encompasses the 
phase running from research up to the decision on a 
specific weapons project and 


—actual development that includes definition, develop- 
ment and testing of a weapons project. 


The activities for defense technology FuT in the indicated 
ser.se focus on gaining the most interest neutral expertise 
possible plus improvement of technological standards of 
efficiency: 
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—I/nterest neutral expertise: 


To do a security-policy assessment of the situation and 
continue development of the FuT concept for preparing 
development and acquisition decisions, the BMVg relies 
on outside expertise and therefore turns to institutional 
research institutes, service firms or consulting engineers. 
Following are the expenditures on interest neutral exper- 
tise: 























Actual Actual Projected Projected 
1990 1991 1992 1993 
—Millions of DM— 

Service 125 139 120 120 
Firms 
Consulting 32 25 26 30 
Engineers 
Basically 206 212 204 204 
Financed 
Institutes 
Total 390 376 350 354 

















—Improved standards of technological efficiency. 


Besides the need for judgmental competence in the focal 
point sectors there is a need for state-of-the-art technolog- 
ical activities. Absent them, Germany will lose its interna- 
tional technological and cooperation capability; absent 
them, it also loses the ability to react to changing risks. 
Following are the expenditures for this purpose at: 























Actual Actual Projected Projected 
1990 1991 1992 1993 
—Millions of DM— 

Colleges/ 29 20 24 16 
Universi- 
ties 
Other 43 45 44 38 
Research 
Institutes 
Industry 361 325 320 327 
Total 433 390 388 381 

















Hence the totals allocated to defense FuT by the BMVg 
are: 























Actual Actual Projected Projected 
1990 1991 1992 1993 
—Millions of DM— 
Total FuT a ie i ee 








The goal of defense technology development is—in broad 
cooperation with alliance partners—on the basis of FuT 
results, to prepare modernization of weaponry for the 
armed forces on the basis of the services’ concept and 
conceptual requirements derived therefrom through the 
availability of materials ready for introduction. 
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In advance of the development of weapons systems and 
equipment, technological and feasibility studies plus com- 
ponents and experimental developments help limit the 
technological, chronological and financial risk of future 
projects. 


For purposes of standardization/interoperability and to 
avoid duplication of effort, cooperation is routine practice 
in the North Atlantic Treaty Organization (NATO) (on 
this topic also see part V, sect. 3.4). 


FuT in the Defense Budget 


—The FuT concept constitutes the basis for long-term 
planning; it derives the goals for defense technology FuT 
action from the armed forces’ concept, establishes pri- 
orities and defines procedures for realizing the goals. 


—Medium-term FuT planning is established in the FuT 
planning proposal for the armed services’ (Bw) plan. It 
annually updates the information in the FuT partial 
concept and establishes foci; it thereby allocates finan- 
cial funding to the fulfillment of specific focal responsi- 
bilities. The planning proposal adopted by the “planning 
conference” in the BMVg is incorporated in the Bw plan 
as an FuT guideline. 


FuT Foci 


—Defense technology FuT foci are determined with atten- 
tion given to the following considerations: 


¢ specific demand in Germany; 

* access to partners’ know-how is wholly or partially 
precluded; 

* possible dependency restricts the capability for devel- 
opment of specific systems and leads to long-term 
cost increases in the purchase of them; 

* specific technological competence is an imperative 
prerequisite for development cooperation. 


—Basically needing to be distinguished are: research 
projects, studies on safeguarding of judgmental compe- 
tence, programs for the realization of processes and tech- 
nologies, experimental programs for validation of compo- 
nents and subassemblies. 


—Defense technology FuT efforts should be focused on 
the following goals: 


* improving the ability to assess the international secu- 
rity-policy situation as well as the elaboration of 
conceptual alternatives; 

¢ laying the groundwork for development capabilities 
necessary over the long term; 

¢ on-time availability of technology to satisfy the 
planned demand for weaponry by the armed forces. 
Activities in terms of the first two goals are assigned 
to research and future technology; those that support 
the third goal come under systems technology since 
they prepare the way for the development of weapons 
systems whose use is scheduled in requirements mile- 
stones of the Bw plan. 
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—Under the procedures of the FuT partial concept and 
bearing in mind the close interaction between the concep- 
tual projections of the armed forces and foreseeable tech- 
nological progress, the following FuT foci have been estab- 
lished: 


¢ improvement of the command information, recon- 
naissance and fire-control systems, 

¢ improved mobility and transport (tactical), 

¢ sensors and combinations of sensors for improved 
reconnaissance, target acquisition, target identifica- 
tion and target tracking, 

* new or improved materials, composites and construc- 
tion techniques for defense materiel, 

¢ Vehicle command and navigation using the latest 

sensors and information processing and transmission 

technologies, 

improved guided missile technology, 

work on new weapons and munitions systems, 

improvement of defense measures against munitions 

environmentally appropriate processes for munitions 

disposal, 

¢ electronic defense and counter measures in the area of 
communications, radar, optronics and navigation. 


Development Foci 


The budgetary appropriations of Specific Plan 14 for 
Development and Testing support the development of new 
defense materiels, their testing and technological develop- 
ment and oversight of the defense materiel that is intro- 
duced. Available funding is allocated on the basis of future 
demand and its importance for fulfilling the responsibili- 
ties of the German armed forces. 


Currently the FIGHTER AIRCRAFT (JAGDFLUG- 
ZEUG)-90, as the successor to the PHANTOM F-4F, has 
the lion’s share of those responsibilities. Command and 
reconnaissance systems constitute a further focal point for 
development. 


—For the Army, projects are planned to replace obsolete 
armored cannon artillery and adaptation of anti-tank 
defense to modern development. Aerial mechanization 
of the ground forces is taken into account through the 
development of support helicopter. 


—In the Air Force, the foci include developments for 
tactical air defense, command capability of the Air 
Force and rendering the TORNADO battle worthy. 


—Introduced for the Navy are development activities for 
surface and underwater forces as well as for resupply at 
sea. These involve submarines, frigates and helicopters. 


Defense Medicine 


Defense medical research is essential for fulfillment of the 
armed forces’ health and hygiene task. 


It is applied research aimed at 


—finding ways and means of protecting, preserving and 
restoring the health of members of the services in peace 
and war, 
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—increasing resistance to specific environmental influ- 
ences and 


—to enable better integration of the individual in the 
high-tech environment through ascertaining perfor- 
mance and stress profiles and to be able to detect health 
problems in timely fashion and treat ‘em in the best 
way. 


Since narrow limits are set for the individual’s ability to 
adapt to his environment, defense medical research has to 
intensively analyze the influences in the military environ- 
ment that tax one’s health and endeavor to reduce them to 
the utmost. 


A clearly defined aim of defense medical research is 
protecting, preserving and restoring the health of members 
of the services under every imaginable circumstance. This 
is exclusively a humanitarian objective. 


In addition to the defense medical problems arising from 
the peace-time job of the medical corps, there is the special 
attention to the expert scientific preparation for care of the 
ill, injured and wounded troops in wartime. This means 
analyzing possible threats and coming up with ways and 
means of effectively countering them. 


Conventional weapons are at the core of this but special 
attention has to be given to atomic-biological-chemical 
(ABC) weapons too. 


The spectrum of defense medical research encompasses 
the entire range of medicine and its ancillary fields. 


Footnotes: 
1. BINE, Mechenstr. 57, Bonn. 
2. In Paris. 
3. Under OECD. 
4. In Vienna. 
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5. Framework Concept for Ecological Research in Urban 
and Industrial settings (Urban Ecology), BMFT, Bonn, 
April 1991. 


6. Research on Species and Biotope Protection in Ger- 
many, editors, Klaus Henle and Giselher Kaule, Report on 
Ecological Research, volume [vol.] 4/1991. 


7. Federal Parliamentary Publication 12/1831 of 13 
December 1992. 


8. SHIFT: Studies on Human Impact on Forests and 
Floodplains in the Tropics, BMFT Focal Point “Tropical 
Ecosystems,” Bonn, January 1992. 


9. Ten Years of Research on Damage to Forests—An 
Interim Balance Sheet, BMFT, Bonn, October 1992. 


10. Soil Pollution and Water Management, Ecological 
Research Report, volume 7/1992. 


11. Ecological Research, Water Ecology Focal Point, 
BMFT, Bonn, July 1991. 


12. Ecological Rehabilitation of Small Streams, BMFT, 
Bonn. 


13. The National Consumption Study, Results of the Basic 
Assessment; Materials for Health Research, vol. 18, 
Project Sponsor FDG (ed.), Wirtschaftsverlag NW; 
Bremerhaven, 1991. 


14.—Prevention of Cardiovascular Diseases, Bonn, 1989. 


—DHP, Research Concept and Conclusions for Study 
Tools, DHP Combined Research (ed.), Bonn, 1991. 


15. Home Care of Rheumatism Patients: Emergence of a 
Combined Model, BMFT (ed.), Bonn, 1988. 


16. Caring for Rheumatism Patients at Home, Results of 
Social Science Assessment of an Experimental Model, J. 
Siegrist, Chattauer Verlag, Stuttgart-New York, 1990. 


17. Therapeutic Studies of Malignant Growths, Health 
Research Materials, vol. 7, Project Sponsor FDG (ed.), 
Wirtschaftsverlag NW, Bremerhaven, 1988. 


18.—AIDS: A Challenge to Science, Third Report, BMFT 
(ed.), Bonn, 1988. 
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—AIDS: A Challenge to Science, Fourth Report, BMFT 
(ed.), Bonn, 1990. 


19. Serial Publication “CIM Specialist,” Springer Verlag, 
Berlin-Heidelberg-New York, Verlag TUEV, Rheinland, 
1990-1992. 


20. Available from the umbrella group of Scientific Soci- 
eties of Agricultural, Forestry, Nutrition, Veterinary and 
Environmental Research e.V., Zimmerweg 16, W-6000, 
Frankfurt/M. 1. 


21. Available from the Support Society for Integrated 
Botany e.V. (FIP), Poppelsdorfer Allee 58, W-5300, Bonn 
l. 


22. Available from the Project Sponsor for Biology, 
Energy, Ecology (PT-BEO), Juelich Research Center, P.O. 
Box 1913, W-5170, Juelich |. 


23. Published in Campus-Verlag. 


24. Specialized Information Program of the Federal Gov- 
ernment 1990-1994 


—BMFT, Bonn, 1990. 


25. Interim 1992 Balance-Sheet on the Specialized Infor- 
mation Program of the Federal Government 1990-1994 


—BMFT, Bonn, 1993. 


26. Cf. detailed federal position in its reply to the major 
queries of the SPD party “Status and Prospects of 
Research on Women” of 18 October 1990. 


27. Memorandum of a committee of experts appointed by 
the BMFT on “Basic Issues and Program Prospects of 
TA.” Ed.: BMFT Project: Press and Public Activity, Bonn, 
June 1989. 


28. Source: “Aspects and Prospects of TA Research.” Ed.: 
VDI Technology Center, Physical Technologies, commis- 
sioned by the BMFT, Duesseldorf, August 1992. 


29. CIM = Computer Integrated Manufacturing, i.e., com- 
puter-aided, networked production. 


30. Project Results: “Institutionalization in an Interna- 
tional Context,” ed.: VDI Technology Center, Physical 
Technologies, commissioned by the BMFT, Duesseldorf, 
February 1992. 
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